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PRINTED CIRCUIT: Economy, reliability 


Ne wy / and compactness. 
@ OPEN LOOP D-C GAIN: 10 million. 


@ LONG TERM DRIFT, NOISE and OFFSET: 
under 100 microvolts. 


OUTPUT VOLTAGE RANGE: £115 volts. 
SIZE: 7” x 22” board. 

MOUNTING: Any convenient method. 
PRICE: $95.00. 


Greater System Accuracy 


and Reliability with the 











PHILBRICK PR/VTED C/RCU/T AMPLIFIER 


Model USA-3 











High performance combined with the reliability 
and compactness of a printed circuit design are fea- 
tured in the new Philbrick Universal Stabilized Ampli- 
fier, Model USA-3. It is ideally suited for applications 
to instrumentation, control and analog computation. 
fa Extremely high open-loop d-c gain, wide bandwidth, 
Underside of Model USA-3 showing printed circuit, low noise and wide output range are important per- 
amplifier connection scheme, and connecting terminals. formance characteristics of this new chopper stabilized 
amplifier. An interesting design feature makes this in- 
strument safe against self-destruction, even under pro- 
longed overload conditions or direct grounding of its 
output. At a price of only $95.00, it offers more per- 
formance per dollar than any other amplifier on the 
market today. Write to George A. Philbrick Re- _ 
searches, Inc., Dept. 19, for Bulletin USA-3. Phis me 
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Model USA-3 showing one of the several types it beeam 
of modular packaging available at extra cost. en 
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HERE’S WHAT YOU'VE WAITED FOR —THE NEW 
CEC RAPID-ACCESS DATARITE MAGAZINE 


We Rapid access means a developed, dry oscillogram in less than one second 
at rates up to 25 inches per second. 

WE Direct attachment to any 5-119 Recording Oscillograph provides up to 50 
standard galvanometer recording channels on the record. 

MK Standard silver-halide paper yields optimum contrast and resolution, rec- 
ords that may be duplicated by any conventional process. 

ee The DATARITE-—S-119 combination is the only rapid-access data recorder 
that works equally well with either conventional or flash timing. 
Attractively priced, the DATARITE Magazine converts your 5-119 Record- 
ing Oscillograph to a 50-channel direct writer! No modification of the oscillo- 
graph is necessary. Record capacity is 400 feet of 12-inch thin-base paper. 
Writing speeds of over 30,000 inches per second are standard with conven- 
tional silver-halide papers. 
For the complete story of the revolutionary 5-036 DATARITE Magazine, 
inquire at your nearby CEC field office, or write for Bulletin CEC 1598-X8 
CEC’s 5-119 RECORDING OSCILLOGRAPH-preferred throughout the 
world for dynamic-testing reliability—is available in both 36 and 50-trace a-c 
and d-c models. Write for Bulletin CEC 1536-X20 


Consolidated Electrodynamics 


300 North Sierra Madre Villa, Pasadena, California 
OFFICES IN PRINCIPAL CITIES THROUGHOUT THE WORLD 
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FILMITE “E” (150°C) 


FILMITE “F” (12 


FILMITE “G” (200°C) 








RATINGS .001 to 1.00 uF .001 to 1.00 uF .001 to 1.00 uF .001 to 1.00 uF 
50 to 600 WVDC 200 to 2500 WVDC 200 to 600 WVDC 200 to 600 WVDC 
STYLES tubular metal cases tubular metal cases tubular metal cases tubular metal cases 


screw-neck cases 
drawn metal cases 


screw-neck cases 


screw-neck cases 
“bathtub” cases 


screw-neck cases 
drawn oval cases 
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4 kinds of film dielectric Capacitors 
for specialized applications 


Here are four plastic-film dielec- 
tric capacitors now in regular pro- 
duction at Sprague: 


STYRACON CAPACITORS find wide 
application in laboratory equip- 
ment and in industrial controls 
where their low dielectric hyster- 


esis (low “‘soak’’), high insula- 


tion resistance, high ‘‘Q’’, low and 
linear temperature coefficient of 
capacitance are of great value. 


FILMITE ‘“E”’ CAPACITORS are 
general-purpose capacitors for use 
up to 150°C where capacitance 
stability with temperature is of 
secondary importance. They are 
also used at lower temperatures 
where very high insulation resist- 
ance is a prime requirement. 


FILMITE ‘“‘F’”? CAPACITORS are in- 
tended for use in circuits where 


| SPRAGUE COMPONENTS: 


- 


VORLD 


\L DESIGN 


the absolute minimum in capac- 
itance change with temperature 
is a must and relatively large ca- 
pacitance values are used. These 
capacitors typically will be within 
.05% of their 25°C value from 
—10°C to+85°C. They may be 
used up to 125°C where greater 
capacitance excursion is tolerable. 


FILMITE “G” CAPACITORS have 
the highest temperature rating of 
any organic dielectric. They may 
be used up to 200°C! All units are 
nickel-plated to withstand high 
temperature corrosion. They also 
have the highest insulation resist- 
ance, the lowest dielectric hys- 
teresis, and the lowest dissipa- 
tion factor of any capacitor made 
so that they are often used at 
lower temperatures which are 
above the 85°C limit of the lower- 
cost Styracon Capacitors. 


CAPACITANCE VS. TEMPERATURE 
CHARACTERISTICS of all four types 
of film capacitors are compared in 
the chart above for the benefit of 
the circuit designer. 


ALL SPRAGUE FILM CAPACITORS 
are designed to have positive 
electrical contact between leads 
and electrodes, even at low oper- 
ating voltages. 


WRITE For ENGINEERING BUL- 
LETINS on the Sprague plastic-film 
capacitors in which you’re inter- 
ested. Address your letter to 
Sprague Electric Co., Technical 
Literature Section, 459 Marshall 
Street, North Adains, Mass. 


the mark of reliability 





CAPACITORS «+ 
FILTERS -» 


RESISTORS «+ MAGNETIC COMPONENTS + TRANSISTORS - 
PULSE NETWORKS «- HIGH TEMPERATURE MAGNET WIRE oe 
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How to Meet Tougher Specifications 
for Shock and Vibration Protection 
in Jets and Missiles 


You’ve got to design to tougher 
specifications for combined shock and 
vibration isolation if you’re going to 
protect the reliability of electronic con- 
trols in today’s high-performance jets 
and missiles. Faster accelerations, zero- 
length launching, and extreme maneu- 
verability combine to impose shock 
and vibration loads far beyond current 
MIL specs. These severe operating 
conditions must be reduced to a pre- 
dictable environment suitable for elec- 
tronic equipment. 


Isolator Requirements 
Higher shock inputs require more 
stiffness in the isolator, to store more 
energy for a given deflection, so there 
will be less energy to dissipate if the 
isolator bottoms. Higher vibration am- 
plitudes call for greater clearances and 
minimum transmissibility at resonance. 
And vibration protection under high-g 
sustained acceleration demands a com- 

bination of these characteristics. 






Load deflection Curves 
size 2 ALL ANGL Isolator 
Type 864 6a 


Eun 


Figure 1 








Use of Performance Curves 

The characteristics of an isolator 
having the stiffness necessary for han- 
dling the shock and sustained accelera- 
tions of jet and missile take-offs is 
shown by the curves of Figure 1. 
These curves can be used in choosing 
the proper isolator for operation under 
the expected service conditions, since 
they show both the deflection of isola- 
tors under a wide range of loadings 
and the maximum allowable deflection 
due to the combination of static load, 
sustained acceleration, and vibration 


amplitude. 
A transmissibility at resonance well 
below three — considered exception- 


ally low — is shown by the curves of 
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786 PLEASANT STREET, 


WATERTOWN 72, MASSACHUSETTS 


Figure 2. The measurements for these 
curves were made with a 27-pound 
load supported on four 10-pound isola- 
tors, with double-amplitude vibration 
input of 80 mils. These curves, show- 
ing performance for both base and 
bulkhead mounting, also indicate that 
the isolator satisfies the need for con- 
sistent operation in every attitude of 
flight, launching, and maneuvering. 





TRANSMISSIBILITY 


T 80 MLS 
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"eeQUENCY CP> 

Figure 3 illustrates the construction 
of the B64 isolator that provides the 
performance characteristics shown by 
the curves, yet is dimensionally inter- 
changeable with MIL-size mounts of 
comparable load ratings. 


Stainless ste! = oe ff Molded nylon spring seat 
damper spring @& 


e 


and top suabber 












& ummmmmmernenprrs ¥ 
Stainless steat Stainless steel woided aylon spring seat 
Damper washers toad carrying and bottom snubber 
springs 
Figure 3 


Sustained Acceleration 

The following example shows how 
Figure | aids in the choice of an isola- 
tor to give vibration protection under 
sustained acceleration. The straight 
part of the curves shows that the work- 
ing range for each isolator allows about 
190 mils maximum deflection (for 
axial loads). This occurs at about 


ARRY MOUNT 


SALES REPRESENTATIVES 
IN ALL PRINCIPAL CITIES 





three times the maximum load rating 
of the isolator. So a fully loaded isola- 
tor will withstand about three g’s be- 
fore bottoming (clearance in the Barry 
ALL-ANGL isolator is about 200 mils 
from the no-load position). 





ALL-ANGL Barry Mounts protect vital fuel- 
gaging-system power units under accelera- 
tion of 6 g vertical and 5 g horizontal. 


For operation under steady-state ac- 
celerations, the ratio of actual load to 
maximum-load rating must be de- 
creased. Thus, for a 6-g acceleration, 
a five-pound isolator would bottom at 
an actual load of 2.5 pounds, or a 40- 
pound isolator would bottom at an 
actual load of 20 pounds. 


Vibration Protection 

Because it is necessary to allow for 
the deflection due to applied vibration, 
ALL-ANGL isolators are often used 
at loads below their maximum ratings. 
For example: assume a 40-pound iso- 
lator loaded at 15 pounds and required 
to withstand 4 g’s. From the curve, the 
60-pound force corresponding to 4 
gs will produce a 110-mil deflection. 
Since this is 80 mils below the 190-mil 
allowable maximum, a double-ampli- 
tude vibration input of 80 mils can 
easily be handled. This is a conserva- 
tive application which allows for pos- 
sible resonant conditions. 


Because natural frequency increases 
as the isolator loading decreases, the 
final choice must take into considera- 
tion the relative importance of steady- 
state loading, vibration isolation, and 
shock protection. All of these factors 
are evaluated in engineering data avail- 
able from Barry Controls Incorporated. 


Additional Design Data 

Other curves of isolator characteris- 
tics, and data on their use in designing 
for predictable environment in jets and 
missiles, are contained in Barry Bulle- 
tin 57-2. This bulletin fully describes 
the complete line of ALL-ANGL 
Barrymount isolators in standard MIL 
sizes. Write today for your free copy. 


Barry's new Western Division, in Bur- 
bank, California, offers fast, on-the-spot 
design and prototype service, and pro- 
duction of special systems. 
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Editors Extraordinary 


The men listed on our masthead as Staff Columnists, Special 
Project Editors and Contributing Editors are Editors Extra- 
ordinary. They are engineers or scientists who have attained a 
measure of success and achievement in their professional work. 
They have functioned as spokesmen for an industry or segment 
of industry; they have published professional papers; they have 
chaired professional meetings; they have been and some are 
now on various committees of professional societies. 

These men are our Editors Extraordinary because they are 
currently earning their livelihood as engineers or scientists in 
those areas in which they report to you on significant facts, 
trends or developments. They are united in one common edi- 
torial goal: to assist our full time editorial staff in making this 
publication your sourcebook of ideas and techniques in electro- 
mechanical research, development, design and the management 
of these functions. Their incentive and compensation in these 
tasks is the gratification of fostering new ideas and new under- 
standings among their colleagues—you, our readers. 

Who they are and, briefly, what they have done are on the 


following pages. 


How Did We Get Your Name? 


Before the publication of our first issue (September-October ), 
we mailed engineering management in over 8,000 U. S. com- 
panies a “Circulation Qualification Form” in which we offered a 
year's free subscription to a limited number of qualified research, 
development and design engineers in their plants. If you are 
now receiving this publication without having made a direct 
request, your name may have been submitted in this manner. 

Now that you have seen our first and second issues, we are 
asking for a direct indication that you do want to continue re- 
ceiving your own free copy by returning one of the prepaid post- 
cards facing our front and back covers—unless, of course, you 
returned a card from our first issue. 

Should you have received this issue from a colleague and 
would like your own free subscription, either return one of the 


cards or write for it on your company letterhead. 


Haroitp G. BUCHBINDER 
Editor and Publisher 
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N.Y. Telephone: ELdorado 5-0132. Editorial and Subscription Office: 1357 Washington St., West Newton 65, Mass. Telephone Blgelow 4-9006. 


ELECTROMECHANICAL Components & Systems DESIGN is circulated without charge upon request to qualified research, development 
and design engineers in all branches of industry in the continental United States including governmental and university installations 
Other subscriptions: Continental U.S., $10.00 per year; single copy, $1.00 when available. Copyright 1957 by Benwill Publishing Corporation 


Postmaster: send form 3579 to Benwill Publishing Corporation, 1357 Washington St., West Newton 65, Mass 


Accepted as controlled circulation 


\L DESIGN NOVEMBER-DECEMBER 1957 


publication at Orange, 


Conn. 








Editors Extraordinary 


Staff Columnist 


David Bandel 

was recently appointed Associate Techni- 
cal Director of Tracerlab, Inc. Before that 
time he was manager of the Chemiczi 
Research Division and special technical 
assistant to the Vice President of the 
Commercial Development Division of the 
American Machine and Foundry Co. In 
this capacity he has worked in the field 
of dielectric materials, glass fibre, plastic 
films, electrical properties of glass fibre, reinforced tefelon, sili- 
cones, high temperature insulation materials, coated foils for 
high-volumetric-efficiency capacitors, bread machinery and to- 
bacco machinery. He has a B.S. in chemistry from George 
Washington University, a Masters in Inorganic chemistry from 
Brooklyn Polytech and a Ph.D. in polymer chemistry with minors 
in physical chemistry and chemical engineering. Dr. Bandel’s 
main area of editorial contributions will be in chemical problems 
peculiar to electromechanical design and development engineers. 
He also reports on new developments presented at various chem- 
ical society meeting of direct interest to the electromechanical 
engineer. 





Renato Contini 

is Research Coordinator in Bio-Mechanics 
and Industrial Engineering at N.Y. U.’s 
College of Engineering. His unclassified 
work has been in the design of prosthetic 
devices, turnpike booths, solar energy de- 
vies, meteorological instrumentation and 
medical equipment. In these projects he 
coordinates research and development 
among mechanical, electrical and industrial 
engineers; experimental and clinical psychologists; mathema- 
ticians; and other scientists. He has been Vice President in 
charge of engineering for Hub Industries, Inc., and Chief Engi- 
neer for Langley Aircraft Corp. He holds a B.S.M.E. from 
N.Y. U. Mr. Contini’s column on Human Factors in Design 
appears in each issue. 





Jesse Edward Hobson 

has been Director of Armour Research 
Foundation in Chicago, Ill. and more 
lately Director of Stanford Research In- 
stitute in Menlo Park, Cal. He is now 
vice president of the United Fruit Co. 
Dr. Hobson holds a Bachelor’s and Mas- 
ter’s Degree in electrical engineering from 
Purdue University and a Ph.D. from 
California Institute of Technology. In 1940 
he was the Eta Kappa Nu “Outstanding Electrical Engineer of 
the U.S.” He has functioned as a consultant to a variety of 
governmental and industrial research organizations and as a 
member of engineering cmmittees. Dr. Hobson concentrates in 
the myriad of problems in research and development administra- 
tion and organization. 








Israel Katz 
is currently Manager of Liaison and Con- 
sulting Engineering at the General Electric, 
Advanced Electronic Center in Ithaca, 
New York and consulting engineer in the 
area of advanced weapons systems. Form-} 
erly an associate professor of mechanical 
engineering at Cornell University where 
he taught for 14 years, he has been a 
frequent contributor to the classified tech- 
nical literature, to engineering publications and is the author 
of Principles of Aircraft Propulsion Machinery. Mr. Katz's area 
of editorial work is in thermodynamics, instrumentation and 
components and systems in military and non-military applica- 
tions. 





Emile Labin 

a French citizen residing in France, 
is currently President and General 
Manager of Automation-Electronique- 
Recherche Opérationnelle. Holder of 
more than 90 patents, he has achieved 
a number of firsts in the electronic} 


industry. In the early 30’s he de- 
veloped a low-definition wire-tele- 
vision system between Paris and 


Lyon and in the mid 30’s developed 
the first high-definition — television 
system in France. 

In 1941 he joined Federal Telecommunications Laboratories 
and in 1946 became its technical director in charge of research, 
and development coordination within I.T.T. companies through- 
out the world. In 1953 he became technical director of Radio 
Industrie and set up and directed their work on digital com- 
puters, hyperfrequency tubes, radar and_ television 
equipment. 

In future issues, Emile Labin’s reports will range from French 
technical developments to management concepts that may be 
of interest to American engineers. 


systems 


Ronald C. Vickery 

is currently head of the chemistry depart- 
ment at Horizons, Inc. in Cleveland, Ohio. 
He has a D.Sc. from London Univers- 
ity, M.D. from Oxford University, M.Sc. 
(London), a D.Phil. (Oxon), and a D.Sc. 
(London) for research in the rare earth 
field. From 1950 until the beginning of 
1954 he was Senior Research Officer, Divi- 
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Contributing Editors 


Herbert K. Brown 

formerly director and dean of the gradu- 
ate division of the College of Engineering 
at Northeastern University, is now at 
AVCO Research Laboratory in Everett, 
Mass. He studied mechanical engineering 
as an undergraduate student and then 
went on to receive a Master’s degree 
from Wayne University in mathematics 
and a Ph.D. from the University of Mich- 
igan in Ann Arbor. He has published a 
number of papers on the application of mathematics to the 
solution of engineering problems—the area in which he functions 
as an editorial contributor. 





Harry Donald Conway 

has a Bachelor’s Degree in mechanical 
engineering and a Ph.D. and D.Sc. in 
applied mechanics, all from London Uni- 
versity. He has worked as a stress analyst 
in the aircraft industry, a scientific officer 
of the engineering division of the National 
Physical Laboratory in England and has 
been on the staff as a Professor of Engi- 
neering Mechanics and Materials at Cornell 
University since 1947. He has published over 70 papers in the 
area of strength of materials, theory of elasticity, stress analysis 
and vibration analysis. In 1953-1954 he was a Visiting Profes- 
sor, Imperial College of Science, London University, on a 
fellowship accorded by the John S$. Guggenheim Foundation. 
His textbooks include Aircraft Strength of Materials (Chapman 
& Hall, London, 1947) and Mechanics of Materials (Prentice- 
Hall, New York, 1950). Dr. Conway contributes in strength of 
materials, stress analysis and vibration analysis. 





Oliver G. Haywood, Jr. 

before becoming vice president of Emer- 
son Electric Manufacturing Co. of St. 
Louis, Mo. and general manager of their 
Electronics and Avionics Division was 
manager of Waltham Laboratories of Syl- 
vania Electric Products, Inc. He has a B.S. 
from the United States Military Academy, 
an M.S. from Harvard and a D.Sc. from 
MIT. His last military assignment was 





(Common- with the Air Research and Development Command where he 


on of the 
rare earth 
dioisotopic 
on various | 
1ical_prob- 
pment en-. 


organized and headed the Office of Scientific Research. He has 
served at Los Alamos Scientific Laboratories and with the 
Atomic Energy Commission. He has worked in the research, 
development and production of missile systems, avionices, elec- 
tronics, fire control systems, air frame structures, computers, 
rocket launchers, instrumentation and related assemblies of air- 


pplications}borne, shipborne and ground based systems. Dr. Haywood is a 


interest to 


contributing editor in the technical areas described above and 


in engineering management. 
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Herbert Kaizer 
holds an A.B., A.M. and Ph.D. from 


Boston University. Currently he is Man- 
ager of IBM’s Experimental Psychology 
Group within the Kingston Military Prod- 
ucts Division. He has worked in the de- 
velopment of engineering psychology re- 
search programs as applied to SAGE 
(Semi-Automatic Group Environment), 
and has participated in Air Force-sponsored research on projects 
involving aerial photo-interpretation, aerial reconnaissance and 
other visual perception problems. He reports on human factors 
in design from the experimental psychologist’s point of view. 





George — 

is currently chief mechanical engineer at 
Narmco Resins and Coating Co. in Costa 
Mesa, Cal. In his professional career he 
has specialized in the research develop- 
ment and design of special purpose auto- 
matic machinery and processes at Sylvania 
Electric Products Co. Inc., Harvard Engi- 
neering Co., and Polaroid Corp. As a 
contributing editor, Mr. King is currently 
working on articles dealing with electromechanical aspects of 
instrument design and high and low speed machinery. 





William W. Seifert 

currently associate professor in the elec- 
trical engineering department of MIT, has 
a B.E.E. from Renseelaer Polytech and 
a S.M. and a Sc.D. from MIT in electri- 
cal engineering. He has written extensively 
in the classified literature on analysis of 
missile control systems, nuclear reactor 
simulation techniques and various types of 
servo systems. He has taught special sum- 
mer programs in analog computation and control systems engi- 
neering. As assistant director of the Dynamic Analysis Control 
Laboratory at MIT, he has worked on studies of weapon systems 
including torpedo systems, missile systems, ‘conventional air- 
craft systems. His editorial work will encompass articles on con- 
trol systems and electromechanical servo components. 





Special Projects Editors 


Martin E. Kagan 

is vice president of Yardney Electric Co., 
an authority on battery development and 
design and a specialist in battery powered 
systems in industrial and military appli- 
cations. Because of his extensive travel for 
Yardney Electric and his proficiency with 
foreign languages, we should create the 
special category of “roving editor” for him. 
In our first issue he reported on WESCON 
developments from California. At present he is on a multi- 
country tour of Europe and will be returning with a report on 
several European engineering developments. 
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Standards Association 


Using New-Type Taylor Wiring Ducts 


So easy to use—you 
just lay your wires in 
the duct, put them 
through holes to 
terminals, then snap 
on the cover—FAST 
and EASY. No wast- 
ing time with cover 
screws, hinges or 
mounting brackets. 
Speeds up produc- 
tion; eliminates cost- 
ly time-consuming 
lacing, flat wiring or 
bundling. A cinch 
tomaintain! Taylor 
Wiring Ducts are 
non-combustible, 
warp-resistant, acid- 
resistant, light in 
weight yet durable 
and rigid. 





Proof of quality—Taylor Wiring Duct is used in the 
electronic circuitry of the E-101 desk size Burroughs 
Computer pictured above. 


A WIDER RANGE OF STANDARD 


SIZES THAN ANY OTHER DUCT 


Round-Hole Type—from %”" up to 4” W x 3” H 
Slotted Type—from 1” up to 4” W x 3” H 


Write for sample, literature, and prices 
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15048 Dale Ave., Detroit 23, Mich. 


KEnwood 5-2500 
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Special Projects Editors 


David I. Kosowsky 

received his B.E.E. from CCNY and his 
S.M. and Sc.D. from MIT. He was a staff 
member of the Research Laboratory of 




















© Electronics (MIT) from 1951 to 1955 and rL52-P 
was engaged in research on Missile Sys- | 0.P.0.T 
ae tems, Applications of Statistical Communi- Laerett-on 
cation Theory and Filter Theory. He was | 
j responsible for the development of tech-/ 
niques for the synthesis and realization of) | 
crystal filters. Currently he is Chief Development Engineer off } 
the Filter and Instrument Department at Hycon Eastern and] | 
reports on special projects, in his area of specialization. 
Saul Padwo 
is a member of M. Ten Bosch’s Pleasant- 
ville, N. Y. engineering management group, | 
He has a degree in electrical engineering) hs =e: 
from the College of the City of New York '% 4.?. 1 
and has worked in the missille and aircraft} |t-40-a 
field on component and systems design af 
and development. Mr. Padwo’s main areal |" 
of editorial work is in the field of aircraft | 
instrumentation and the selection of for- 
eign papers for translation that are of interest to electromechani- l 
cal design and development engineers. | 
| 110 Amp. 
Herbert F. Spirer %, rian 
as assistant chief engineer at CGS Labora-| |t-42-€ 
tories in Stamford, Conn., has worked in| <eoe 
the design and development of data han- 
dling and communication equipment for 
industry and the government. A graduate 
of Cornell University’s course of engineer- 
ing physics, he has taught electrical engi- 
neering and mechanical engineering at) “a 
Cornell. He has worked as a development! |15 Amp. 
and design engineer at MIT Radiation Lab, Sun Oil Co., East-, | 4-P- 1 
man Kodak Co. and the General Electric Co. An out-spoken in- 
dividual on subjects ranging from the technical to the man- 
agerial, Mr. Spirer’s first contribution in the next issue will bef 
on the subject of reliability. 
a 
a 
Foreign Editor 
Andrew R. McAndrew 
From 1949 to 1951 he was Foreign 
Affairs Editor of the Current Digest of Ne. 438- 
the Soviet Press. From 1952 to 1953! ore 
he was Associate Director of Project, § 


NSF-C-5 (a survey of Russian technical 
and science translations) for the Nation- 
al Science Foundation in Columbia 
University. From 1953 to 1954 he was 
Chief Editor of the National Science} 
Foundation Project C-12, dealing with 
translation of Soviet physics. He is the autor of a Russian- 
English glossary of metallurgical terms published by the NSF. 
He has worked for the National Institute for the Unity of 
Science, a group composed of university professors throughout 
the United States, and freelanced on Soviet affairs for United| 
Feature Syndicate, the New York Herald Tribune, Commentary, 
and other publications. Throughout World War II he was an 
officer in the Royal Navy, his tour of duty including 14 months, 
of operation from the Russian Far North. As Foreign Editor 
his translations of European engineering and scientific develop+ 
ments will be a regular monthly feature. ' 
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SWITCHES 


REQUIREMENTS 





Terminals designed for use 
with either screws or female 
ARK-LESS or AMP type push- 
on tabs. 


Featuring Circle F 


“Fine’’ SILVER CONTACTS 

designed to reduce arcing on slow- 
make, slow-break AC and insure long, 
dependable switch life. 





L-52-P illustrated 


Now Circle F offers new economies to design engineers through the use of 
standard medium-duty, one-hole switches, available for modification to meet 
particular specifications. 








New standards of quality-controlled manufacture permit these precision- 
engineered switches to be “custom-made” and delivered in production 
quantities in less time and at the lowest possible cost. 















No. 438-L 
| ACTUAL SIZE 
| 15. Amp - 125 Volt 


Project, * 


Listed by 





10 Amp. 250 V. AC 3A -125 V (T) 
15 Amp. 125 V. AC(L)|6A-125 V 
¥, H.P. 120-240 V. AC |3A- 250 V 
L-42-E 2230 
S.P.D.T. S.0.8.7 
on-off-on on-off 

‘ 10 Amp. 250 V. AC 
10 Amp. 250 V. AC 15 Amp. 125 V. AC 
15 Amp. 125 V. AC(L) |3, H.P. 120 V. AC 
% H.P. 120-240 V. AC [11% H.P. 240 V. AC 


Underwriter’s 


Laboratories, Inc. 
and certified by 


Canadian Standards 


Association 
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electrical appliances. 


Write DepartmentMA for full information and engineering assistance 


FLUSH MOUNTING, SNAP-IN 
CONVENIENCE OUTLETS 
AND SWITCHES 








M-2230-H illustrated 





FAST, EASY SPRING CLIP INSTALLATION 
COMPACTLY DESIGNED — COMPETITIVELY PRICED 


Ideally-suited for bathroom fixtures, medicine cabinets, ranges, and other 


Snap-in Convenience Outlets and Medium-duty Switches 


are rated 15 amp, 125 V. Clip will accommodate wall thicknesses of .025” to .095”. 


CIRCLE F Mig. Co. 


731 MONMOUTH STREET, TRENTON 4, NEW JERSEY 
IN CANADA: VERD-A-RAY ELECTRIC PRODUCTS LTD. MONTREAL 
For your wire requirements: Eastern Insulated Wire Corp. 
(A Subsidiary) 
Box 591, Trenton, N. J. 
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THE MANIA FOR SECRECY 


Andrew R. MacAndrew, 
Foreign Editor 


Who's Been Hiding 
What From Whom? 


HERE have always been natural limitations to man’s 

communication with man. And, since the ill-fated at- 
tempt to build the Tower of Babel, the additional barrier 
of language has been erected. Now, in our divided world 
a new obstacle looms up in the most unexpected places to 
impede contact between searching human intelligences: 
the mania for secrecy. 

It seems that never before has so much zeal been dis- 
played by so many officials to prevent so much material 
from reaching their own specialists for reasons based on 
such aberrations of logic. 

Without digging too deeply into the historical and 
anthropological causes of this phenomenon, it seems safe 
to assume that this caution has been generated by distor- 
tion of a quite logical proposition. 

The proposition is that the interests of a party engaged 
in an armaments race are better served if its rival is kept 
in ignorance of its latest achievements in the technology 
of destruction. Our assumption is that this axiom was eager- 
ly accepted by patriotic officials who set out lustily to 
classify documents and their fellow men into secrecy brac- 
kets that, like the income brackets, soon came to convey a 
sort of social prestige at their higher levels. And soon, in 
the midst of the secrecy-stamping, information-controlling 
and clearance-issuing elan, otticials were bound to begin 
feeling like arbiters of elegance. The elation of power came 
and with it the urge to extend the range of their com- 
petence. And out they went to conquer new acres of paper 
for the secrecy stamps. 

It is probable that many an important military secret 
has been well guarded from enemy eyes and ears by the 
zeal of these public servants. But it is at least as certain 
that much helpful information has also been kept from 
those who were supposed to provide us with secrets worth 
keeping: our own scientists and engineers. 

American scientists, whether engaged in theoretical re- 
search or in the application thereof, our engineers, whether 
working for national defense or not, have a vital stake in 
keeping abreast of the work in their own fields that is being 
done abroad. Otherwise, senseless duplication of efforts is 
bound to occur and cause waste of money and, what is 
more important, of time. Much can be saved by cashing 
in on the frequent parallelism in discoveries and inven- 
tions by scientists working separately. 

Recently, the New York Herald Tribune published a 
report made by Mr. Gerard Piel, the publisher of Scientific 
American, at a session of a Congressional sub-committee. 
Among other things, Mr. Piel cited five years (1950-1955) 
spent by “a group of American scientists working in cor- 
porations engaged in making computers.” They were trying 
to apply Boolean algebra to the design of computer cir- 
cuits. Then, five years and $200,000 later, it was discovered 


10 


that a Soviet engineer named A. G. Lunts had alread 
solved their problem and described his work in a pape 
that had appeared in the journal of the USSR Academy o 
Sciences (Doklady Akademii Nauk USRR) in 1950. Thi 
journal, by the way, could have easily been bought in thi 
country at that time. 


A t this point two things come to mind. Either the group 

should have had a few linguists watching foreigr 
achievements in symbolic logic as applied to computers 
this service should have been performed for it by a spe 
cialized agency, governmental or private. 

The fact is that some such agencies did do some trans 
lating of Russian scientific papers but rather sporadicallj 
and in a perfectly uncoordinated fashion. Now what pre 
vented this coordination was the above-mentioned secrecj 
mania. Somehow it was considered that we would be ot 
the verge of disaster if the Russians found out which o 
their own articles were of interest to Americans. Apparent} 
that would give away something very secret. And as 4 
result, translations were stamped secret and kept jealousl} 
not only from private translators but also from other gov 
ernment departments, so that the same article often hat 
to be rediscovered and retranslated several times over. 

Apparently this zeal for secrecy reached its climax ai 
the beginning of 1952, after which some eftorts were 
made to allow some information on Soviet scientific en 
deavor to trickle to some not necessarily cleared Americat 
scientists, who nevertheless could push Soviet work fur. 
ther for the benefit of this country, at which point, 0 
course, the seal of secrecy would be legitimate. The initia 
tive was taken by the National Science Foundation whic 
contracted a Columbia University group to produce non 
secret translations of Soviet physics papers and to distribut 
them throughout the country to all American physicist 
specializing in the particular fields with which the transla 
tions were concerned. 

But, even here, difficulties crept in. The Soviet publica 
tions to which the group subscribed in Moscow arrivet 
irregularly and with delays. Inquiry revealed that the faul 
did not lie with the Soviet publishers. Nor were the postal 
services to blame. The Soviet scientific publications had 
reached the American shore all right. In fact, that’s where 
they were. Held up by the U. S. Customs. Why? It wai 
never easy to understand: maybe some custom officials wert 
diffident about letting into this country articles with such 
titles as “Study of Electron-Nuclear Showers and Penetrat 
ing Particles in the Stratosphere at Various Latitudes” of 
“Analysis of Excited Nuclear Levels by Means of a Shek 
Model.” Especially with all those queer pictures and dia 
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Factors Determining the Choice of 


HOWARD FRACTIONAL H.P. 
INDUCTION MOTORS 

































































The increase in the use of Howard Induction Motors results from the overall 
superior performance characteristics of Induction motors over Series and 
Shaded Pole types. 
d alread basically Howard Induction motors 
etn: 1005 have the following advantages: 
~ademy 0 % TORQUE TORQUE TYPE MOTOR 
950. Thi TORQUE TYPE MOTOR @ Less maintenance—no brushes to wear, parts subjected to less wear. For 
sht in thi POWER: AC 50 to 60 cycles. applications where maintenance is difficult to handle. 
CHARACTERISTICS: ® Constant speed under increasing load or varying power supply—for appli- 
4a No Load speed is determined by number of poles, with a cations with exacting timing requirements where load or power supply are 
No Load slip of approximately 5%. not constant 

1. Full Load speed decreases with an increasin load. De- “ 

: ++ ent cpa ny. Soe ae Se ® Extremely quiet operation both mechanically and electrically—for applications 
the group 4. Starting torque high approximately 125% full load. where noise level must be exceptionally low, professional tape recorders, etc. 
g foreigt ® Low external field, in many cases requiring no magnetic shielding. 
nputers ® Good efficiency up to 50% as against 40% maximum in Shaded Pole motors 
by a spe and 65% in Series motors. 

@ High power factor up to 85%. 
ome _ trans ; } _ 
oradically e-—— ®@ No radio or TV interference—for appliances and other home use applications. 
what pre a ® Good starting torque. 
ed secrec) a @ Reversible in motion and reversible from rest. 
uld be o ; , , 
- alii ae @ Wide range of H.P. ratings (1/8 to 1/1400) and gear ratios (2:1 to 3600:1). 
Apparentil — Howard Induction Motors are currently used in a wide range of applications— 
Aad est business calculators, tape recorders, facsimile equipment, blowers for micro- 
: ) wave relay stations, radar, projectors, teleprinters, gyro drives, automation 
t jealousl) instruments, etc. 
ther gov ; , ; , 
. ft : Howard Induction Motors are available in Torque, Induction Capacitor Run, 
orten nat Hysteresis Synchronous and Reluctance Synchronous types. Costs are mod- 
S over. 0 75 200 erate but depend upon quantity. For full information on Howard Induction 
climax al, % TORQUE INDUCTION CAPACITOR RUN TYPE MOTOR Motors, write for bulletin 56A. 
‘corts were INDUCTION CAPACITOR RUN TYPE MOTOR 
Ne le POWER: AC 50 to 60 cycles. 1, “Selected” ball bearings permanently lubricated, 
entific en sealed and shielded or sleeve bearings with large 
Americat CHARACTERISTICS: felt oil reservoirs with oil return. system (shown). 
1. No lad speed is determined by the number of poles, with a Sleeve bearing motors can be provided with ball 
work fur: no Iéad slip of 2t0 47%. thrust bearing for vertical operation or thrust 
‘ 2. Constant Full Load speed, with a full load slip of approxi- loading. 
. point, § ; i A imately 200% full load 2. 24 slot lamination design for quiet, cool operation. 
The initia z roe — ecm ee “0 oad. Stamped from high grade‘electrical steel. 
tion whic! iti san tan aaa 3. Rotors dynamically balanced, skewed to give uni- 
ee EO re form torque characteristics with change of rotor 
duce NOM  UYSTERESIS SYNCHRONOUS TYPE MOTOR ange. 
» distributt 4. Windings of heavy Formex insulated wire, im- 
physicist POWER: AC 50 to 60 cycles. pregnated and baked with top grade electrical 
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CHARACTERISTICS: 


1, Synchronized speed, determined by number of poles. 


2. Starting torque equal to Full Load Torque. 
3. Quiet operation. 


PT RS RR 
RELUCTANCE SYNCHRONOUS TYPE MOTOR 
POWER: AC 50 to 60 cycles. 


CHARACTERISTICS: 
1. Synchronized speed, determined by the number of poles. 





varnish. 
5. Case of sturdy, rigid casting always. 


6. Mounting pads with holes drilled and tapped cast 
on frame. Special face mounting end bell available. 


7. Internal fan for cooling. 








2. Starting Torque Low, 50 to 75% of Full Load. 


iat’s where 
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hy? It wai OTHER HOWARD MOTORS: UNIVERSAL & D.C.—1/200 to 1/2 H.P. * SHADED POLE— 
Bntols well 1/2000 to 1/10 H.P. * SERVO MOTORS * GEAR MOTORS * BLOWERS 

with such DEPT. EMD ° HOWARD INDUSTRIES, INC. * RACINE, WIS. 
1 Penetrat SALES OFFICES: 208 S. La Salle St., Chicago 4 

titudes” ot 942 S. La Brea Ave., Los Angeles 36 * Room 4822, Empire State Bldg., New York 1 

of a Shel; 
S and dia: DIVISIONS: EMO ELECTRIC MOTOR CORPORATION €© CYCLOHM MOTOR CORPORATION RACINE ELECTRIC PRODUCTS 
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Removes “Hard-to-Strip” | 
FORMVAR, FORMEX, & ENAMEL 


insulation In Seconds! | 











Out 


Wipe e 


Deal eel a 


WIPE CLEAN, 
Operation com- 
pleted in sec- 
onds! 


WITHDRAW. 
Expose to air. 
Watch coating 
disintegrate. 


DIP WIRE in 
SUPER X-VAR 
for 3 seconds, 














New Super X-Var quickly removes coatings 
that X-Var can’t remove or removes slowly. 
Non-corrosive and leaves wire ready for solder- 
ing. Now in use by leading manufacturers of 
electrical products. 


Request free sample for test use. 
Fidelity Chemical Products Corp. 
476 Frelinghuysen Ave., Newark 5, N.. J. 


International Division 
15 Moore St., N.Y.C. ¢ Cable “CHURCHIN” New York 
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HOW TO WIN 
ARGUMENTS 









on Surface Roughness! 
FREE BULLETIN LT85 tells- 


% Why time is wasted by arguments Ie 
about the roughness of parts produced. * 


% How to end such arguments FOR SURE. 


% How shop men, engineers and manage- 
ment all gain when such arguments are 
settled by the Profilometer. 


WRITE TODAY for your copy! 


Profilometer is a registered trade-mark. 


MICROMETRICAL 





MANUFACTURING COMPANY 


357 S. MAIN ST.. ANN ARBOR, MICHIGAN 
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grams that went with them. They apparently thought such! Fi or 
material could easily be subversive stuff, propaganda or 
something. Others, trying to play it safe, thought that by 
delaying information it was made harmless. Here, of course, 


the confusion was merely over the direction the material FLEXI 
was going. Ane 
. . . : harne 
Since then, it must be said, things have somewhat calmed print 
down. The country is less zealously guarded against Soviet wiril 
scientific papers and some English descriptions of these a 
works are more readily available to those interested in them. in si 
In this, however, as, alas in a few other things, we. are form 
a odie f 7 Pe syste! 
still no match for the Soviets. a 
Mult 

up t 

conv 

|  somy 

duces 


se snoesiers to a source in the Justice Department, the 
USSR obtains more usetul informaion on American | 
research by systematically and perfectly openly following 
U. S. unclassified publications and translating and dis- 
tributing every worthwhile paper to their people concerned! 
than they do from spies. 

Thus the Soviet publishing house Mezhdunarodnaya 
Kniga (International Books) was reported to have sold,} 
through its New York representative the Four Continents 
Bookstore, $98,000 worth of Soviet publications in 1956) 
of which only a small proportion were technical, whereas 
it bought $316,277 worth of American scientific and techni- 
cal literature. An idea of the ample use made by Soviet 
scientists of American and other Western expenditure of 
money, time and brainpower can be gathered from the 





footnotes of the very Soviet papers that should be trans- PHAS 
lated. And what is more, it looks as if the Russians think satile 
nothing of letting us know what aspects of American re- Sey 
search interest them most. We know that practically every- Freq: 
thing interests them. But what advantages we have derived cps; ] 
from this so far remains unclear. 120V 

By no means do we imply here that the circulation of —. 
American scientific journals should be restricted to au- ar 


thorized persons. We do imply that foreign scientific papers 
translated for any one particular group of scientists and! 
engineers be made available on a national basis to other 
scientists and engineers and that there be a freer exchange 
of scientific and engineering information with our allies. 
When President Eisenhower and Prime Minister Mac: 
Millan met in Bermuda last spring, the U. S., according to 
a report in the New York Times, declined to give Britain, 
nuclear information on the ground that various American 
laws required secrecy so that the U. S. could preserve its 
lead over Russia. That our government now more fully 
recognizes the importance of communication to scientifi¢ 
accomplishment is evidenced by the President’s recent state: 
ment that he will ask Congress to relax the laws impeding 
American sharing of scientific information with our allies. 
Whether we like it or not, science and engineering, like, 
many other things such as peace, have the tendency to 





become indivisible. og 

Starting with our next issue we shall translate for out conv 
readers selected information available on Soviet, German, rs pe 
French and other foreign research in fields of interest to biliz’ 
them. This selection will be made by specialists familiar ands 

‘ . é : . an e Lif 
with American efforts in the corresponding fields. We in} Ry, 
vite you to write and let us know what particular type of, — Sens 
coverage would be helpful to you; these comments and Lat 


suggestions will determine our choice for translations in! 
future issues. 
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material FLEXIBLE PRINTED CIRCUITS — 

A new concept in wiring and 

harnessing, Sanders flexible 

t calmed printed circuitry eliminates 

st Soviet wiring errors and reduces 

assembly costs. Flexible cir- 

of these cuits and cables can be made 

in them. in single—or multi-layer 

| we. are form for use in electronic 

systems, computor harnesses, 

switchboards and appliances. 

Multi-layer construction takes 

up to 65% less space than 

conventional wiring, and in 

| some applications has re- 

t “ 
ent, the duced weight by 75%. 
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whereas 
id techni- 
»y Soviet 
diture of 


from the 
be trans- PHASE COMPARATOR — A ver- 
ons think satile, full-wave bridge com- 
- parator for use as a modula- 
rican re-+ tor, demodulator, or switch. 
lly every- 


Frequency Response: 0-5000 
cps; Max. Reference Voltage: 
120V. rms; Max. OutputVolt- 
ages = + 50V. DC; Dynamic 
Range = 46 db. Hermetically 
sealed. 


e derived 


ilation of 
d to au- 
fic papers 
itists and? 
to other 
exchange 
allies. 
ster Mac 
‘ording to 
ve Britain, 
American 
eserve its 
r10re fullyy 
scientifi¢ 
cent state- 






FRi- PLATE 


VARIABLE ATTENUATOR 
MODEL ! 





« BREE 


impeding —— 
our allies. 
ring, like, 
idency to . 
d ¢ RATE GYROSCOPE — A preci- 
sion subminiature device for 
e for our converting rate into an A.C. 
German, signal. Meets requirements 
of sensitive control and sta- 
nterest to} bilizing systems for aircraft 
s familiar and missiles. Features include: 
+ We we Lifelong Hermetic Sealing 
s. Wwe e Excellent Resolutions High 
ar type of, — Sensitivity ¢ Small Size: 2346" 


long x 15/16" Diameter 


> Ss c d ° 
nents an Light Weight: 3-% oz. 


slations int 
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““MINICUBE” BLOWER—A 
compact, high-velocity blow- 
er and motor, in a 1" cube. 
Designed for use in guided 
missiles, aircraft, etc. Rugged 
construction assures reliable 
performance over a wide 
range of environmental con- 
ditions. Wt: 1 0z.; Input: 400 
cps, 4 watts; Output 3 C.F.M. 


“Consistently dependable”. That’s the 
national reputation established by the elec- 
tronic, electro-mechanical and hydraulic com- 
ponents engineered and produced by Sanders 
Associates. 


Sanders offers a complete engineering serv- 
ice — including departments for systems 
engineering, research aerodynamics, modular 
electronics, microwave engineering, electro- 
mechanics and hydraulics, commercial devel- 


opment, special purpose tubes, and complete 
type test facilities. Extensive manufacturing 
facilities available. 
























TRI-PLATE MICROWAVE 
COMPONENTS — The bulk and 
weight of conventional 
microwave systems can be 
substantially reduced with 
Sanders TRI-PLATE compo- 
nents, including variable at- 
tenuators, balanced mixers, 
hybrid rings, directional 
couplers, low pass filters, 
power dividers and receiver 
front ends. Low cost, low 
leakage and high reliability. 
Complete systems can be de- 
signed for specificapplication. 


For complete information write Dept. L 





ANDERS 
SSOCIATES 


iL OR FP OA te 
L., NASHUA 11; NEW HAMPSHIRE 








DEPT. 

West Coast Field Office: 1608 West Centinela Boulevard 
Inglewood, California 
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This 74"-OD bearing carries a 150-lb. 
load with a slow oscillatory motion at 
temperatures to 1100°F, while subjected 
to vibration and severe corrosion condi- 
tions. Other special high-temperature 
bearings by ITI meet even tougher 


requirements, 





Used in jet engine components, this 
special bearing operates at temperatures 
from 600° to 1100°F. under severe oxida- 
tion and corrosion conditions, for a mini- 
mum service life of 300 hours. Balls and 
races are special cobalt-chromium-nickel 
alloy for hot hardness and durability. 


As with all high-temperature bearings, 
success depends largely on careful at- 
tention to internal geometry and other 
minute detail, based on experience and 
bearing engineering know-how. At high 
temperatures, available materials that 
have the required hardness, wear and 
corrosion properties are frequently mar- 
ginal with regard to load-carrying and 
fatigue characteristics, especially when 
operating temperatures exceed ceilings of 
available lubricants. 

We have designed and manufactured 
high-temperature bearings to meet a wide 
variety of requirements as to speed, load, 
temperature and service life. 


IF YOU need anti-friction bearings of special shape, size, heat 
resistance, corrosion resistance, low torque, ultra precision, non- 
magnetic properties, or other unusual characteristics, we can 
supply them — designed and built to your specific requirements. 
We invite your inquiries. 









FREE 32-PAGE BEAR- 
INGS BULLETIN 
tells about the factors 
involved in special 
bearing applications, 
and describes our 
work in this field. 
Write for Bulletin 
AFB-1. 


“3 3786 JACKSON RD., ANN ARBOR, MICH. 


WESTERN DIVISION PLANT: COMPTON, CALIFORNIA 
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LETTERS 
Teterboro, N. J 


I have recently had the opportunity 
to read your first issue . . . and was in- 
trigued by the immense possible value 
of such a magazine to the design en. 
gineers of industry. In today’s tech. 
nology it appears that a large majority 
of the equipment produced falls in 
this combined category. A magazine 
with its make-up pointed at distribu. 
tion of information of value to these 
people should fill a long felt need 
which other trade magazines emphasiz 
ing either electrical aspects or mechani‘ 
cal aspects of design have not done. . . 
Morgan L. Dring, Sr. Proj. Eng. ' 
Eclipse—Pioneer 

Div. of Bendix Aviation Corp. 


Clifton, N. ]) 

Having glanced through your first issug 

. received by another member of 
this department, I find it very informa; 
tive and useful in my line of work. | 
would appreciate being placed on yow 
mailing list . . . would like this subscrip. 
tion to start with issue #1... . 
David Mittman, Eng. 
Mechanisms & Computer Lab 
Kearfott Company, Inc. 





Yardney § 
’ helicopter 
We regret we underestimated thé... hi 
number of requests we would reMeig —* 
ceive for additional copies of our 

first issue. We filled these requests 

until our supply was completely 
depleted—(Ed). 


o * a 
Buffalo, N. & 


While visiting a plant here in the Buf 

falo area, I was introduced to a come ever 
of your magazine. . . . It has appealegmelt, light 
to me as a fine magazine to read regutequiremen 
larly . . . . would like to be placed ia 
your mafing list. dete J 
Consulting Eng. 


Houston, Tex 

Please enter my name for a free year’ 
Renee ‘ a ..) FREE TECI 
subscription. . . . If possible begin witl grog, 
the first issue recomse the article f Containing 


our let 
springs is very comprehensive from mi Yerdney sit 





point of view. ... Setertee. 
Anthony P. Cizina, Sr. Des. Eng. |day! 

Texstream Corp. Patents pen 

granted thr 

e ee the w: 


Lockport, Ill 
Have just received a copy of your firs 
issue . . . would appreciate having = 
name added to your mailing list f 
future issues. 
D. G. Sprigings, Proj. Eng. 
Delta-Star Electric Div. Silve 
H. K. Porter Company 
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d was in U. S. Army 

ible value U. S. Air Force General Electric 

eng U. S. Navy Westinghouse | 

, major Sandia Corp. North American AV. i 

| falls in Clevite-Brush Glenn L. Martin | 
magazine Reaction Motors RCA | 
apr ie Northrop Bendix Aviation H 

cae Continental Sikorsky 

elt need Can 

emphasiz ; 
mechani! Lockheed i 

done... Boeing | 

ng. | 
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Yardney SILVERCEL® 
helicopter battery 


yaks SMighing under 10% pounds, 
yies of our 


se req uests 


Yardney SILVERCEL® 
emergency battery for 
aircraft communications. 





completely 
(R) 
ov Zt L_VERCEL BAT Z ERIES 
n the Buf Ailes , ; 
- 6 Wherever weight, space and severe current drains are critical factors specifications . . . from advanced-design, test-proved cell models ranging 
se P} Yardney SILVERCEL® Batteries will solve your power problems! from 0.1 AH to 300 AH, or specially-built models of much larger capacity. 
} appealegmall, lightweight, these power-packed batteries have surpassed stringent For your medium and low rate applications, ask about the Yardney 
read regurequirements of Spec MIL-E-5272A. SILCAD*, our new silver-cadmium battery! 
placed ~~ than 200,000 Yardney silver-zinc cells bought and used by the And to solve your power problems . . . or for assistance in checking 
S. Navy alone! your battery requirements . . . please contact our Applications Sngipew 
4 can assemble batteries of any size, of any capacity to your ing Department (AED) for Free consultation service. , ' 


* 


Table of Yardney High-Rate Models 
@ MINIMUM WEIGHT AND SIZE — six times lighter | Yardney| Nominal| Peak Pulse| Weight] H. W. OD. 


ai—, 2nd five times smaller than conventional Silvercel | Capacity| Discharge |(ounces)| (all in inches) ‘f 
\ batteries of equal capacity 








Typical Applications 





ton, Texa 


; . HRO1| 0.1 AH 3amps} 0.15] 1.38) .6F * Instrumentation 
free YOQM a tessenca, | ° LOW INTERNAL RESISTANCE designed to HROS | O.SAH| 30amps} 0.70| 1.52] 1.10] 0.55] Telemetering 
begin wit! “ grocnure meet high current discharge requirements HRV | 10AH] 45 amps} 0.79 | 1.98] 1.08] 0.54 qiteter Driven Recorders 
article gfCentaining data on | ® FLAT VOLTAGE CHARACTERISTIC — no discharge | HR3 | 3.0AH] 75 amps} 2.98| 2.86] 1.72] 0.59) ‘Tow-Target Drones 


our complete line of dip at any current drain to end of capacity HRS 5.0AH |} 75 amps} 4.24 | 2.95] 2.08} 0.80) Photo-Flash, Camera Drives, 


e from Mh Yerdney SILVERCEL i ; sggaee 
Yardney SILVERCEL® @ HIGH SAFETY FACTOR — Spillage and leakage HR 10 10 AH | 220 amps} 7.88 | 4.78] 2.32) 0.74] Portable Lights, Missile Guidance 





batteries. Write te- hazards eliminated; no fumes during charge HR15S | ISAH | 350 amps} 9.70 | 4.93] 2.31] 81] Helicopter Starting 
Eng. | day! ~<a aoa _and discharge cycles . HR 20 | 20AH | 500 amps} 13.82 | 4.28} 2.05| 1.73) Missile Power Sources and 





: ‘ , HR 21 | 20 AH! 500 amps} 15.02 | 7.56) 2.31] 0.81) Servo Controls 
Patents pending and @ MECHANICAL STRENGTH — High resistance to HR 40 | 40AH| 600 amps| 23.20 | 7.0 | 3.25| 0.99 g Borpedo Propulsion 


granted th hout s : : . . 
the world, _-—_-—- Shock, vibration, rapid acceleration and deceleration | up 49 | 69 AH | 1000 amps| 31.85 | 4.50 | 2.75 | 2.38] Portable TV 
















































@ WIDE TEMPERATURE RANGE — Efficient at HR 85 | 100 AH | 1900 amps} 52.30 | 9.44 | 2.81] 1.81] Aircraft Power Sources 
ckport, Ill 160° F. and as low as —60° F. HR 90 | 100 AH | 1800 amps| 51.40 | 7.0 | 3.25] 2.16] Tow-Target Drones 
f your firs HR 100] 100 AH | 2000 amps} 44.10 | 4.78 | 3.43 | 2.79 
having mt *Trade Mark HR 200} 200 AH | 3000 amps| 102.50 |11.31| 5.87] 1.31] Portable Power Station 
ng list f¢ ©1957 Yardney Electric Corp. HR 300) 300 AH | 3500 amps| 148.00|17.5 | 4.19} 1.78] Portable Power Station 


2:3. 0°0, 5s Ae 2 oom es a eommeones a sek 7 wakes. 


“PIONEERS IN COMPACT POWER” 


40 Leonard Street, New York 13, New York 





' FOR MORE INFORMATION CIRCLE 12 ON INQUIRY CARD 
NOVEMBER-DECEMBER 1957 





CAL DESIG 





Design Electronic Controls for RELIABILITY IN SERVICE 
with Alden Components for PLUG-IN UNIT CONSTRUCTION 


Be sure your Engineers are wating with the Alden Handbook of plug-in unit design. Presents 
complete line of basic comp of tr d flexibility for adapting your equipment to plug-in 
construction. 


“REQUEST FREE 250-PAGE “ALDEN HANDBOOK” | 


| 
Tt tes th edl YOUR 
{ SON i COMPLETED 
7 ‘ CIRCUITS 
: Je*t--) FOR PLUG-IN 
hee ss 


PACKAGE OR 
CHASSIS 










Unitize your circuitry in compact vertical planes 
e using Alden Terminal Card Mounting System. 


(TM SO SG <_& 


“iy : UMPER STRIP 

PREPUNCHED TER= MINIATURE liminates wiring CARD-MTG. 

MINAL MTG. CARD’ TERMINALS for common circuits SOCKETS 
You can use Alden Terminal Mounting Card with Alden Miniature Terminals, Jumper Strip and 
Sockets staked to accommodate any circuitry — making complete units ready for housing. 
Components snap into unique Alden Terminals, are held ready for soldering. 


Te mount this vertical circuitry, ALDEN PLUG-IN PACKAGES AND 
e CHASSIS give tremendous variety with standard components 








—— 4 SIZES: 
ALDE! ee 
PLUG-IN 4 o- 1 rT | " r ; 
ACK A’ els 5 t } YI 3° } ee 
~~ > > © 5 ALDEN (he Sin” | AMS oo 
se @ . 2 BASIC CHASSIS 2” 4” 8” | ad 





Alden components provide standard plug-in or slide-in housings—with spares, your circuits become units replaceable in 30 seconds, 


3 Give chassis easily traceable interconnects and 30-second 
* replacement with ALDEN SERVE-A-UNIT KIT 















1T’S AS SIMPLE AS THIS Arrange Alden Side Rails (1) GIVING YOU !) Chassis chat plugs in, locks and ejects 
and Alden Lock Frame (2) with half turn of the wrist. 2) leads so beautifully 
4) to suit your chassis. Alden organized, accessible and identified that non-technical 

Serve-A-Unit Locks (3) personnel can service. 


mount in your chassis to en- 
gage pre-punched holes in 
Alden Lock Frame (2) to 
pilot, draw in, lock or eject. 
Arrange Alden Back Connec- 
tors (4) in orderly row on 
Alden Lock Frame. Mount 
mating Alden Back Connec- 


: cal voltages [~ 
tors on your Chassis. 2s g 


| Oli tities TO CO | 
ALDEN BACK . “=f Accessible central check point, eal 
CONNECTORS leads color coded and numbered 


4, Assign to each unit ALDEN SENSING ELEMENTS — to spot trouble instantly: 


Ye MINIATURE ao MINIATURE a MINIATURE 
TEST JACK INDICATING INDICATING 
LIGHT FUSE HOLDER 
11138 N. Main St., Brockton 64, Mass. /~—~ : a 
. ~~~ From Alden’s Line of Ready-made Compon- 
NA-ALOIES EE a OF wets ttle as { 0. ~ 6 fl ents for Unitized Plug-in Unit Construction. 

















Rast 


sik 


be 
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Pre-calibrated 
THERMOSTATS 
and MOTOR 
PROTECTORS 


Increase Speed and Ease in 


Production Line Application 
Custom-fit uniformity of “Temp- 
Guard” thermostats assures ease in 
production line application. Leads 


Shown 
actual 





size 






or terminals to your specification 
DA 10-L UL = assures new production line speed 
1/44.P. and efficiency. Many modifications 


of standard models — if one of these 
doesn’t serve your requirements, we’ll 
design one that will. 
Write now for Dales’ New Engineering 
Brochure. For emergency engineerin 
assistance on temperature contro 
problems, the Cessna 180 shown at left 
will bring Dales’ Engineers to your 
nearest airfield. 


THE FRANKLIN DALES CO. 
Temp-Guard 


















Thermostats 


180-184 East Mill Street, Akron, Ohio 
FOR MORE INFORMATION CIRCLE 14 ON INQUIRY CARD 
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Decatur, Ala 


Your first issue ... is certainly an in (ADVERT! 


teresting and informative publication 
showing an indication of meeting to 
day’s growing period of automation. . . 
Please enter my complimentary sub. 
scription . . . send me a copy of thi 
number one issue so that my files may 
be complete. 

C. S. Browning, Instr. Eng. 

The Chemstrand Corp. 


Owensboro, Ky. 
. . read your first issue . . . found 4 


number of items of interest to me our 
Will you please add my name to you ture 
list to receive a complimentary sub; pearing: 
scription. ... bearing, 
J. C. Hickle, Engr. _ consists 
General Electric Co. ball wii 
bolt or s 
7 8 © piece ov 
rounds | 
Palo Alto, Calif, be mor 
... The first issue was very impressive Where : 
and looks to me that you've got a ver oly 
fine project off to an excellent start. eel 
J. M. Granger, Pres. bearing 
Granger Associates ine on 
and in 
"= © bolt fas 
The “M 
New York, N. Yi intendex 
By education—B.E.E. and B.M.E.—an¢ of ball 
experience—electromechanical designe rotating 
and engineer, I am one of those en @pPlicat 
gineering hybrids for whom you have °° simil 
brought out your publication. .. . og 
Walter A. Velitchko, Proj. Eng. South 
Consultants and Designers, Inc. plain b 
— &« tages w 
industry 
: ' a Th 
St. Paul, Minn (two-pi 
impressed with your first editio} pearing: 
. would appreciate receiving it fo schmitt 
a year. away of 
T. W. Listiak, Chf. Eng. race to 
Multi-Clean Products Inc. (which 
accompsé 
ee ee , ball an 
costly c¢ 

Orange, N. } ~— 
. ‘ 1 **Mor 
read your first issue . . . find i tereag), 


very informative. . . . would like t 
take advantage of the complimentar 
subscription you offer. . . . 

E. K. Danz, Des. Eng. 

Monroe Calculating Machine Co. 


Pasadena, Cali 
. . . place my name on the subscriptio! 
list. . . . I am a Design Engineer ii 
charge of the Electro-Mech Desigh 
group. I enjoyed reading your first iss 
and feel that your publication givé 
technical recognition to a . . . relativel 
important group... . 
S. B. Tuttle BS/ME MS/EE 
Jet Propulsion Laboratory 


—~ 
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“Monok 


NOVEME 


catur, Ala 

inly an in, (ADVERTISEMENT) 
sublication 
eeting to 
nation... 
itary sub. 
py of thi 
’ files may 


K. V. HACKMAN 


President, Southwest Products Co. 


Self-Aligning Plain Bearings and Rod End Bearings 


1705 S. Mountain Ave., Dept. EMD 57, Monrovia, Calif. 


boro, Ky. 


. found ¢ 
st to me OUTHWEST Products Co. manufac- 
1e to your tures two kinds of self-aligning 


itary subj bearings. (1) The self-aligning plain 

bearing, as produced by Southwest, 

| consists of only two pieces, a spherical 

ball with a hole for a close tolerance 

bolt or shaft to pass through, and a one- 

piece outer race which completely sur- 

rounds the spherical ball. The latter can 
\lto, Calif, be mounted anywhere in a housing 
impressive Where self-alignment is required for a 
got a very bolt or shaft, generally a nonrotating 
cnt | shaft. (2) The self-aligning rod end 
: bearing is the “Monoball@®”! plain 
bearing installed in a housing shaped 
like an eye bolt as the name implies, 
and in the end of a rod to engage a 
bolt fastened to a yoke, crevis, or arm. 
| The “Monoball®” self-aligning is not 
‘ork, N.Y, intended for the antifriction purposes 
M.E.—an¢ of ball or roller bearings supporting 
| designe rotating or rpm shafts. They have many 


those en applications in various sizes in aircraft 

you havg similar structure, especially a mov- 
ing structure subject to deflections, 

as twists, vibrations, and strains. 

meg Southwest Products Co. self-aligning 


plain bearings have distinctive advan- 
tages well recognized by the airplane 
industry, as follows: 
: 1 There are two prominent types 
ul, Minn (two-piece construction) self-aligning 
‘st edition bearings on the market. The Messer- 
ring it fo schmitt type is by its design the cutting 
away of metal on one side of ihe outer 
race to introduce or load the ball 
(which weakens the outer race and the 
accompanying wider tolerance between 
, ball and race) and results in specific 
costly defects in airplane applications. 
an, i... 
. find i ’ *“Monoball®” 
ered®). 
ld like t 


ylimentar 


(Trademark 


Regis- 







Co. 


na, Cali! 
bscriptiot 
igineer ii 
h Desigs 
first ~ 
ion giv 
relativel) 





“Monoball®” Self-Aligning Bearings, description and application, U. S. Patents Nos. 


INT. 


PATENTED U.S.A. 
All World Rights Reserved 


2 Southwest ‘“Monoball®” _ self- 
aligning bearing has a greater bearing 
surface, size for size, than any other 
bearing; therefore, it bears heavier 
radial and thrust loads, size for size, 
than any others on the market today. 


3 Southwest ‘“Monoball@®” _ self- 
aligning bearings, due to know-how, 
can be made of harder and tougher 
steels SAE 4130, SAE 52100 (chrome- 
molybdenum and_ various _ stainless 
steels) than competitive products, an 
advantage of immense importance in 
fulfilling the customer’s requirements. 


4 In many sizes Southwest “Mono- 
ball@®” self-aligning bearings readily 
replace the corresponding sizes of many 
antifriction rod end bearings, where 
used for the self-aligning feature under 
vibration. Sales here are on perform- 
ance, not on price. For these uses it is 
safe to say Southwest would originally 
have been specified, if then known, be- 
cause replacements now are tending 
steadily to Southwest. 

Present-day operating conditions re- 
quire from the ‘“Monoball®”  self- 
aligning bearings use of a tough metal 
in the ball and race. Originally the ball 
was made of SAE 52100 steel and the 
race of high strength bronze. For heavy 
duty service aircraft the bronze race 
is no longer used; a tougher metal is 
now used. Here the use of SAE 4130 
steel, “chrome-moly” and stainless, is 
demanded, which Southwest alone is in 
a position to supply (in a two-piece 
bearing) as stated in Point 3 above. 
Higher temperature operations are also 
required. Jet propelled aircraft produce 
temperatures as high as 1000 deg F. 
These call for heat-treated stainless 


ROD END 
TYPES 


2626841, 2724172, 2728975, and other patents pending. 
FOR MORE INFORMATION CIRCLE 15 ON INQUIRY CARD 
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steel balls and stainless steel races. 
Only Southwest can supply these bear- 
ings in the two-piece construction. The 
purpose of “Monoball(@®” self-aligning 
bearings is to allow the shaft or bolt, 
which passes through the ball (a close 
prescribed tolerance between the ball 
and race) to self-align in any direction 
without any bending strain on the shaft 
or bolt, housing or structure, also to 
allow misalignment in fabrication of 
component assemblies. 

The self-alignment feature is secured 
by an internal self-aligning design 
where a single ball operates on an in- 
ternal spherical surface in the outer 
race or ring. 


1. Support for Actuating Cylinders 


“Monoball®”’ self-aligning plain bear- 
ings have been applied to the trunnions 
of hydraulic pneumatic cylinders, also 
““Monoball®” rod ends being used on the 
ends of cylinder rods, to take bending 
deflections without damage to structure 
The bearings, both plain and rod end 
types, take care of the heavy loads during 
flight and operation on the ground. 


2. Retractable Landing Gear 


There are many joints and levers in the 
conventional landing gear of aircraft for 
which the ‘“Monoball®”  self-aligning 
bearing is well adapted. While it has 
been general practice to use plain bush- 
ings or bearings for these joints, it has 
been found that Southwest ‘“Monoball®” 
self-aligning bearings enter readily into 
the design and are being used in in- 
creasing quantities, due to high static 
loads and alignment problems. 


8. Landing Gear Strut. Drag Link 
Struts 


Due to severe misalignment in these 
struts, the ordinary plain bushing or 
bearing does not provide for self-align- 
ment, and is severely strained along with 
structure deflections. The Southwest 
“‘Monoball®” self-aligning bearings are 
being used in the ends of these struts 
with no undue strain on the “Mono- 
ball®” bearing or structure. 


4. Landing Gear Trunnions—Main 


One typical application: while it is de- 
sirable to use antifriction bearings in 
these locations, the antifriction bearings 
cannot take care of the high static load 
condition which must be carried by the 
bearing throughout the flight period; 
also, due to the weight of the gear being 
suspended, heavy shock loads are placed 
on the bearing in travel through rough 
air. Due to smaller space requirements 
and higher allowable loads required 
by supersonic aircraft, the Southwest 
“Monoball®” bearings with their higher 
capacities (loads), small weight, and 
outside diameter, combine nicely with 
the present design. 
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moisture and humidity; ruggedly built to resist shock and vibration; imagina- 
tively designed to provide application versatility. 


FEATURES 


. Environmentally sealed with unitized back end 


grommet. (Also available with provision for potting.) 
Either grommet seal or potted seal meets moisture 
resistance requirement of MIL-C-5015C, Paragraph 
4.5.21. 


. Spring-loaded coupling ring provides a positive 


locking action in the bayonet slot, and a constant 
compensating force which eliminates the effects of 
resilient face seal compression set. 


. Stainless steel bayonet slots and pins reduce wear 


and frictional characteristics. The three pin bayonet 
coupling minimizes the rocking action of the mated 
plug and receptacle. 

Flattened incline angle of bayonet slots reduces 
mating force requirement. 


. Hooded contacts resist test prod damage as defined 


in Paragraph 4.5.14 of Amphenol Specification 
340-43-2108. 


. Unitized grommet seal; clamp and grommet form a 


single unit for ease of assembly and maintenance. 


. Face seal gasket with individual barriers to isolate 


each contact. 


. Hard insert dielectric (plus resilient face seal) posi- 


tively retains contacts with no possibility of con- 
tacts being pushed out of the insert. 


. A visual full engagement indicator is included in the 


design to insure the user that he has fully engaged 
the connectors. The indicator is an orange line 
around the receptacle shell. 


When using mated sealed connectors, no derating 
for altitude is necessary at 70,000 feet. 


Test voltage 1,500 volts RMS 70,000 feet on sealed 
connectors. 


Vibration per Method 204 of MIL-Std-202A. 10 to 
2,000 cps at 20 g’s. 
Temperature cycling range per MIL-C-5015C, Para- 
graph 4.5.3 increased to 257°F. maximum and 
—67°F. minimum. 


send COUPON for Complete Catalog 


AMPHENOL ELECTRONICS CORPORATION 1830 S. 54th Ave., Chicago 50, Illinois 
Please send me a copy of MINNIE catalog. 


NAME 


PRE CONNECTORS 


othe vi ly miniature connector line fully conforming 
“j B the: “pe REQUIREMENTS OF MIL-C-5015C. 


ee 4 “Meet minniE—a complete line of miniature connectors with outstanding 
reliability features! The first miniatures to meet fully the ‘‘E” performance 


requirements of MIL-C-5015C, minniE’s are environmentally sealed to resist 
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AVAILABILITY: placed 





4 CONSTRUCTIONS: “E”, Potting, Jacketed ie you 
Cable Clamp r elvin 
5 SHELL SIZES: 12, 14, 18, 20, 22 ortsm¢ 
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i LETTERS 


Minneapolis, Minn. 
As a new Senior Staff Engineer with 
*.,. the Aero Division, I found the first 
issue very interesting. . . . I am per- 
manently consulting with a large num- 
ber of engineers and designers on a 
variety of projects, I think it would be 
y; Jhelpful to have a personal copy of 
ee, magazines like yours at hand. 
BS Dr. Joseph Schugt, Sr. Stf. Eng. 
Aeronautical Division 
, Minneapolis-Honeywell Regulator Co. 























Portsmouth, Ohio 
Your magazine was very interesting and 
I am looking forward to reading your 
next issue... . 

Ottis L. Layne, Designer 

Goodyear Atomic Corp. 


St. Paul, Minn. 
Please send the complimentary sub- 
scription. . . . I would also appreciate 
a personal copy of your first issue as 
it contains very well written articles of 
interest to me. 

Clarence W. Sieben, Mech. Eng. 
Remington Rand Univac 

Div. Sperry Rand Corp. 


Baltimore, Md. 
Your first issue is excellent. If sugges- 
tions are acceptable, I would like to 
see your format continued with articles 
from the very detailed to the very 
general... . 
T. J. Cartin, Supv. Engr. 
Westinghouse Electric Corp. 


Rochester, N. Y. 
It was with a great deal of interest 
that I read your . . . publication... . 
greatly appreciate being placed on your 
mailing list... . 
Edw. Gegner, Div. Eng. 
Stromberg-Carlson Co. 
Div. of General Dynamics Corp. 


i Van Nuys, Calif. 
© Permit me to be among the first ones 
* to congratulate you on your new pub- 
lication. It is simply perfect from cover 
\to cover. May I wish you a successful 
future. 
Rudolf Steiner, Group Supv. 
|Radioplane Company 


= e ® 
Portsmouth, N. H. 
,I would be pleased to have my name 
placed on your list. . . . I enjoyed read- 
Jacketed! mg your . . . first issue. 
a4: | Melvin H. Chandler, Elec. Eng. 
Portsmouth Naval Shipyard 
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Why this 


CRITICAL VIBRATION TEST EQUIPMENT 
USES HELI-COIL SCREW-LOCK INSERTS 


—to hold parts securely 
under extreme shock and vibration 





*Reg. U.S. Pat. Off. 


Currently the world’s highest force electro-dynamic vibration exciter, 
the MB Model C250, made by the MB Manufacturing Co., is vital 
to government research in today’s air age... has a frequency range 
of 2-500 cps., and a total force output of 25,000 Ibs. It can be adapted 
to operate in chambers where temperatures range from —100°F to 
300°F and simulated altitudes hit 125,000 feet. 
Test specimens of up to 2190 Ibs., subjected to accelerations of 10 g., 
must be securely held to the unit’s moving assembly. 
The thread assemblies within the vibrator, and joining test speci- 
mens to the unit, are subjected to grueling shock and vibration. Yet, 
even under these extreme conditions, Heli-Coil Screw-LOCK Inserts 
(277 of them) function perfectly... protect threads against strip- 
ping... hold fasteners securely. 
Meeting military specifications for torque and vibration, this new, 
one-piece stainless steel Screw-LOCK Insert: 

1. positively locks screws against loosening under impact and 

vibration 
2. prevents thread wear, stripping, corrosion, galling, seizing 
3. eliminates the need for lock-nuts, lock-wiring, and other sup- 
plementary locking devices 

4. offers high re-usability on repeated disassembly and reassembly. 
Heli-Coil Screw-LOCK Inserts are available in many sizes, including 
the new miniature 4-40. For further information, write @D 4227 


? HELI-COIL CORPORATION 


A Division of Topp Industries, Inc. 


HELI-COIL CORPORATION 
2711 Shelter Rock Lane, Danbury, Conn. 


[] Send me complete design data on Heli-Coil Screw-LOCK Inserts. 
( Who is my local Heli-Coil Applications Engineer? 
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ADDRESS 

CITY ZONE STATE 
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IN CANADA: W. R. WATKINS CO., LTD., 41 Kipling Ave. S., Toronto 18, Ont. 
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MICRO-BEARING 
ABSTRACTS 


by A. N. DANIELS, President 
New Hampshire Ball Bearings, Inc. 


BEARING FITS AND 
FITTING PRACTICES 


As shown in Fig. 1, the fitting of 
Micro-Bearings, like the fitting of 
larger ball bearings, chiefly involves 
the clearances between the inside di- 
ameter of the housing and the outside 
diameter of the bearing; the bore of 
the bearing and the shaft diameter. 


Housing Diameter 


eo oD 


rt 
Y 


FIG.1 

The achievement of the desired fit 
by dimensioning is illustrated in Fig. 
. The bearing ID is represented by 
the top blocks and the shaft OD is 
represented by the lower blocks. Such 
a block diagram could also be applied 
to housings and bearing outside di- 
ameters. In this block diagram, it will 
be noted, the bearing ID is represent- 
ed by a .00015 tolerance with a simi- 
lar tolerance for the shaft. A resulting 
fit of line to line to .0003 loose is 
shown. 


-12495 .12490 .12485 


- I T Shoft OD 
Pr Bearing ID ; = 


-12485 .12480:.12475 .12470 





Bearing ID 














FIG.2 

An interference fit not tighter than 
line to line is suggested for the fol- 
lowing reasons: 

1. Difficulty in assembly. 

2. Difficulty in disassembly. This 
is often more hazardous than 
the assembly operation and 
may result in total bearing 
destruction. 

Reduction in radial play. 
Danger of bearing ring con- 
forming to possible poor ge- 
ometry of mating shaft or 
housing. 


TOLERANCE DISTRIBUTION 
The maximum .0003 loose condition 
shown in Fig. 2 may be excessive in 
some applications. The fitting problem 
then resolves itself to reducing this 
extreme, and yet maintain the maxi- 
mum tight fit of line to line. The 
looseness may be reduced by redimen- 
sioning the shaft to .12490/.12475 as 
shown in the block diagram, Fig. 3. 
.12495 .12490 .12485 Shoft OD 

[ l sd 
ees ID ! | J 
A 12490 12485 .12480 .12475 
FIG,3 
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If the frequency distributions of shaft 
and bearing ID sizes were statistically 
normal, the modal fit of all parts 
would be 0.0001 loose. Accordingly, an 
insignificant percentage of parts 
would be mated to the extreme values, 
and for practical purposes could be 
ignored. 

With regard to bearings’ outside 
diameters and bores, however, nor- 
mality of the distribution curve can- 
not be assumed. During the grinding 
operation, the “most metal tendency” 
tends to skew the frequency distribu- 
tions for bearing ID’s and OD’s in 
the direction of most metal. 

In grinding and finishing shafts 
and housings, similarly skewed dis- 
tributions occur. 

Operating on a modified probability 
distribution of tolerance is possible if 
the volume of parts is sizeable. But 
the approximate distribution of shaft 
and housing sizes must be verified if 
this method is to be used. 


MATERIALS and SURFACE FINISHES 
The ease of assembly is also affected 
by materials and finishes. The follow- 
ing factors must be considered: 

1. The galling characteristics, 
hardness and ductility of the 
materials involved. 

2. Finish lay patterns produced 


by various tools and_ tech- 
niques used, 
3. RM S surface finish values 


achieved. 

4. Geometry of shafts and hous- 
ings as regards out-of-round- 
ness, taper, ete. 

The possible combinations of these 
elements in any single application are 
so numerous that their gross effect 
can only be ascertained by trial and 
detailed study of 
operations on individual applications. 
A more complete discussion of fitting 
practices, including sizing methods 
and coding, is found in our design 
handbook. 


DESIGNERS HANDBOOK 
FREE TO ENGINEERS 


If you work with miniature bearings, 
you’ll find this new, 70 page authori- 


tative publication a great help in solv- 


ing problems in de- 
signing instruments 
or small electro-me- 
chanical assemblies. 

It will be sent 
free to engineers, 
draftsmen and pur- 
chasing agents. 
Write to: 


arn) 





NEW HAMPSHIRE BALL BEARINGS, INC., PETERBOROUGH 1, NEW HAMPSHIRE 


DISTRICT OFFICES: Pasadena, Calif.; Park Ridge, Ill. and Great Neck, N. Y. 
FOR MORE INFORMATION CIRCLE 18 ON INQUIRY CARD 
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New York, N. 
I have seen the first copy .. . and I 
very anxious to receive it. . . . sup 
me with a copy of your first iss 
Thank you. 
Donald L. Newman, Proj. Eng. 
Pitometer Log Corp. 

eee 


Plainfield, N. 

Kindly place me on your mailing li 
. Congratulations on your first iss 
The material is very appropriate to on 
work. 


Pee Stavish, Eng. 





Stavid Engineering, Inc. 
. * ee 


Glendale, Cali§ 
During a recent trip back to New Youk 
I was informed of your forthcomin) 
publication. . . . Since epee |. || 
design is my field I am quite interestd 


. would appreciate sample copies. . 





’ r*d7 + ] 
H. Gene Wilkinson, Eng. W h 
Airborne Equipment Dept. lhe 
Librascope Incorporated + venanighaiag 

denness. 

eee 

problem 
survive 11 
Dallas, Tei John 
I have just finished reviewing the fide cine 


issue . which was — by om. S. Pat 
of my colleagues. Ve at Chang T}j. 
V ought Aircraft feel thi ts your magazitl shell (ur 
is admirably suited to our vork aeons! te 
development and production work asltional de: 
wish you continuing success. provision 
H. S. Hardy, Jr., Lead Sys. Des. Eng. minimizi 
Servomechanisms Design Group No 


> a . ! aI 
Chance Vought Aircraft will beco 
aga then, as i 


and pape 


} as now, t 
Chicago, Il sketch to 


Your first issue . . . proved very inté Mars | 
esting to me... . Please enter my nam To the { 
on your list of subscribers. . goo holders 

luck on your new magazine which? Traditio: 
am sure will prove helpful to a greg been adc 


many people. Technicc 
Merlyn M. Armstron jener and 
Advanced TV Development adjustabl 


least —th 
pencil wl 
The fact 
many im) 


Motorola Inc. 
a ee * 


Cambridge, Mas 

I would be extremely pleased to bé 
come a subscriber to your publicatios 
A publication such as yours wi 

do much to bridge the gap betwed 
two major engineering functions ¢ 
most industrial plants. May I offer yo 
my congratulations and wish you ever 
success. 


Robert B. Denis, Asst to Supv. : Js 
Electrical Production ian 
Photon, Inc. : 
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Whose incredible design is the flying saucer? 

These flying objects (unidentified, of course) 
maneuver at high speed, with human-crushing sud- 
idenness. Their unearthly behavior poses a perplexing 
problem to imaginative designers: how might man 
allas, Te UtVIVe im them? 

—— John C. Fischer, Jr. approached the problem with 
ig the fittthis circular aircraft and its unique control system, 
ed by om, S. Pat. #2,772,057. 
LE hp is 

at Chan This ‘‘saucer’s secret’ is a rotatably adjustable 
r magazi#shell (upper) and a pilot’s compartment which pre- 

researdjrotates toward the direction to be flown. The func- 
work amtional design “humanizes”’ saucers because the rotating 
ae provisions distribute g-forces laterally on the pilot, 
es. Eng. minimizing blackouts. ; . 

No one can be sure which of today’s new ideas 
twill become reality tomorrow. But it will be important 
then, as it is now, to use the best of tools when pencil 
and paper translate an idea into a project. And then, 
; as now, there will be no finer tool than Mars — from 
hicago, E sketch to working drawing. 
very int@ Mars has long been the standard of professionals. 
r my nam To the famous line of Mars-Technico push-button 
. + + go@ holders and leads, Mars-Lumograph pencils, and 
e which/Tradition-Aquarell painting pencils, have recently 
to a gregbeen added these new products: the Mars Pocket- 

Technico for field use; the efficient Mars lead sharp- 
jener and “Draftsman’s” Pencil Sharpener with the 
adjustable point-length feature; and — last but not 
least—the Mars-Lumochrom, the new colored drafting 
pencil which offers revolutionary drafting advantages. 


oup 





The fact that it blueprints perfectly is just one of its 
| many important features. 
dge, Mas , 
sed to bh 
yublication The 2886 Mars-lumograph drawing pencil, 19 
vours wi degrees, EXEXB to 9H. The 1001 Mars-Technico 
: betwed push-button lead holder. 1904 Mars-Lumograph 
P ad we imported leads, 18 degrees, EXB to 9H. Mars- 
inctions ¢ Lumochrom colored drafting pencil, 24 colors. 
I offer yo 
| you ever 
pv. ; 
JS.) S|TAEDTLER, INC. 

i | HACKENSACK, NEW JERSEY 

at all good engineering and drawing material suppliers 
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John C. Fischer, Jr., 
San Diego profession- 
al engineer, one of the 
winners in the 1957 
MARS Contest. Mr. 


MARS announces 


hew design contest 


The MARS Outstanding Design Con- 
test of 1957 created such wide interest that 
MARS Pencils is sponsoring another con- 
test for 1958. 

If you are an engineer, architect or 
student, the MARS contest offers you a 
“showcase.” It provides you with a valuable 
opportunity to have projects you designed 
shown in leading magazines where they will 
be seen by the men in your profession. 

You are invited to send in your proj- 
ects. For every submission that is accepted 


MARS pencils | 
will pay you °100 


This $100 is paid you simply for the 
right to reproduce your project in the 
MARS Outstanding Design Series. There 
are no strings attached. You will be given 
full credit. All future rights to the design 
remain with you. You can reproduce it later 
wherever you like and sell or dispose of i+ 
as you wish. 

The subject can be almost anything — 
aviation, space travel, autos, trains, build- 
ings, engineering structures, household 
items, tools, machines, business equipment, 
etc. Projects will be selected on the basis of 
appeal to design-minded readers, broad in- 
terest, attractive presentation. Do not sub- 
mit a design that is in production. In fact, 
the project does not need to have been 
planned for actual execution. It should, how- 
ever, be either feasible at present or a logical 
extension of current trends. It cannot be 
unrealistic or involve purely hypothetical 
alterations of natural laws. 

There is no deadline for entries but 


| the sooner you send yours in, the greater the 


probability of its selection for the 1958 
MARS Outstanding Design Series. 


It is Simple To Submit a Design 
For Mars Outstanding Design Series 


Just mail in an inexpensive photostat or 
photocopy of the subject—one you can spare, 


since it cannot be returned — and a brief 
description. 

If your entry is accepted, we will ask you 
to send in a clear photograph or rendering 
of the design (so that we can make a sharp 
photograph) suitable for reproduction—after 
which your material will be returned to you. 





Send your entry to: 


JS. STAEDTLER. INC. 


Hackensack, New Jersey 


Fischer’s project, “Sau- 
cer Secret?,” is fea- 
tured in the MARS pre- 
sentation on this page. 
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COMPONENTS- DESIGN 


MAURICE ST. CLAI.., Varian Associates 


Coupled Cavit 


' 


Stabilization ot microwave oscillators by direct reaction 
from high-Q circuits is a technique in more or less commot 
use since World War II. Recent improvements in tech. 
niques of mcie suppression have made practical the us¢ 
of relatively iarge resonators which have Q’s approaching 
those obtained from quartz crystals, yet which can be 
tuned over almost unlimited range. The relative simplicity 
of coupled cavity stabilization in comparison to other 
known stable sources gives it a large competitive advantage 
in systems requiring stable oscillators. 


STABILIZATION OF KLYSTRONS 


In reflex klystrons, short-time frequency instabilities 
are caused by the inherent random shot noise in the electro# 
beam and by external perturbations. The effective nois¢ 
bandwidth is inversely proportional to Q?, so that an ir 
crease in the equivalent Q of the circuit will rapidly de 
crease the bandwidth. The effects of external disturbances 
on the klystron—power supply effects, load effects, temper 
ature effects, vibration—are reduced in direct proportion te 
this equivalent Q. 

The equivalent circuit of klystron and a stabilizing cav. 
ity is shown in Fig. 1. Under conditions of matched cavity 
input, synchronous tuning of the klystron and cavity, an¢ 
small G,, the factor by which a given cavity improve 
k:lystron stability, S, is simply expressed by the relation 


S=1+ [ Q./(Qe? x | (1 

in which Q, is the unloaded Q of the stabilizing cavity, 
(Qy)x is the external Q of the klystron, and P,/? 
is the cavity insertion loss, P,/P; is typically set be 
tween 0.1 (10 db) and 0.5 (3 db). Actual choice 
of insertion loss is based on a compromise between stability 
factor requirements and power output requirements 
The only kind of klystron frequency perturbation nd 
reduced by the factor S by cavity stabilization is thal 
due to changes in load VSWR. The stability against load 
perturbations is improved with cavity stabilization by ¢ 
factor S$ P,/P,. Thus the load stability factor is alway! 
larger than S. 


CAVITY DESIGN 


A few typical numbers in the equation for S$ can be used 
to indicate the sort of results obtainable with cavity ste 
bilization of reflex klystrons at X-band. (Q,),x for su 
klystrons is typically about 700. To obtain a_ stability 
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FIG. 1— 
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KLYSTRON——-ele. STABILIZING CIRCUIT————ele— Load 





Fic. 1—Equivalent circuit of a klystron and stabilizing cavity. 
Analysis of this circuit reveals that when the klystron and 
stabilizing cavity are tuned to the same frequency, fo, three 
possible frequencies of oscillation result from the presence of 
the section of transmission line connecting the two resonant 
circuits, By introducing a shunt conductance, G,, it is possible 
to completely suppress the two undesired frequencies so that 


_ oscillation can take place only at fo. The insertion loss result- 


izing cav- 
1ed cavity 
avity, ané 
improve 
e relatiot 


ng cavity, 
nd P,/P 
y set be 
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mn is that 
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is always 
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ing from the introduction of G, is typically only a small frac- 
tion of a decibel and the reduction of equivalent circuit Q 
is less than 15 percent. The variable shunt capacitor in parallel 
with G, adjusts the effective line length between resonant cir- 
cuits to exactly \g/2. This may simply be a capacitive screw 
in the connecting waveguide. Actually, stabilization is possible 
with connecting line length of n\g/2, where n is any positive 
integer; but large n requires large G, and reduces circuit Q 
and stabilizing range. 


factor of 15 with 3-db insertion loss, this typical klystron 
would have to be stabilized by a cavity having Q, = 20,- 
000, and if the losses due to G, are taken into account, 
Q, = 23,000. This can be accomplished in a small cavity 
operating in the circular electric TE),;, mode. Such cav- 
ities, when temperature compensated, are very effective 
in systems requiring one or two megacycles stability over 
extended periods of time under adverse conditions and 
power supply fluctuation. 

To obtain a stability factor of 150 with 3-db loss, Q, 
of 240,000 would be required. A compromise on power 
output, allowing 10-db insertion loss, leads to a design 
calling for Q, 133,000. To obtain Q’s of this sort one 
must build cavities to operate in the higher order TEo;, 
modes. Cavity design in this region is greatly complicated 
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ENCIRCLED AREA DENOTES “CLEAR” 
REGION OF TE 9 ; ,7 MODE 





08 .09 (2 10 “a 
L 
FIG. 2—Section of mode chart. Fhe heavy line passing 


through the circled portion of the TEoi,. mode and the 
upper right-hand corner of the chart is the locus of 
points on TEoin modes at which Qo=150,000 (theoretical 
for copper). Units on the mode chart are f, megacycles; 
D, cavity diameter, inches; L, cavity length, inches. 


by interference from hundreds of other TE and TM modes 
crossing the desired TE ;, mode at random intervals. For 
this reason work was initiated at Varian Associates toward 
design of a stabilizing cavity with theoretical Q,, of 150,000 
in which all but the desired circular electric TE,;, modes 
were suppressed. 

Figure 2 is a portion of a mode chart centering on the 
region where a cavity with Q = 150,000 has minimum 
volume. A method was sought to lower the Q’s of all un- 
desired modes to the point where these modes would 
couple negligible energy to or from the connecting wave- 
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COMPONENTS DESIGN 


p-LINE OF WIRE CENTERS 





FIG. 3—Section of cavity wall designed to be 
extremely lossy to longitudinal currents. Thé 
inner wall of the cavity was wound with wire 
This wire, which forms a very low-pitch, tight) 
ly wound spiral, was embedded in_ polyiror 
cement in place of the former copper liner 
After curing the cement the inner wall wa 

















































machined to cut away half the diameter of 
\— LOSSY DIELECTRIC the wire and honed to produce a_ smooth 
interior finish, } 
} 
DIAL INDICATOR 
READS TUNER POSITION _- TUNER 
' 
= ___ TUNING SCREW 
MAGNESIUM TUNER . 
SUPPORTING ASSEMBLY ~~ TUNER _ LOCK 
a J 
Fac. 4 —Cross section of cav- TUNING PLUNGER ASSEMBLY TUNER HOUSING 
ity. The unit is built of 
ribbed magnesium castings 
for maximum rigidity and 
lightness. Tuner travel is TWO WEDGE-SHAPED COLUMNATING . 
meniteced em the. diel in- RINGS PROVIDE UP TO % 4A SHOCK MOUNTS LOCATED 
dicator at the top, and par- OF TUNER TILT TO MAXIMIZE Q GZ SLIGHTLY ABOVE 
allelism of the polished cop- (Q IS STRONGLY DEPENDENT ON “Uy CENTER OF GRAVITY 
per end plates is adjusted PARALLELISM OF END PLATES). Yy L OF CAVITY ON 
by means of rotating two BY ROTATING RINGS, ANY TILT Yt THREE SUPPORT ARMS 
3 ‘ S . : J 
wedge shape columnating IN ANY DIRECTION CAN BE PRODUCED. GG 
. ° Af 
rings which support the tu- Mp 
ning mechanism on the cyl- Y 
inder body. Coupling is ac- Y | 
complished at the sides of YG a RIBBED MAGNESIUM CAVITY | 
the cavity 14 wavelength Z Y U4 BODY FOR MAXIMUM 
from the stationary end J 4 STIFFNESS TO MASS RATIO } 
plate. INPUT AND OUTPUT TERMINALS 
WERE MOVED TO END PLATE 44 
IN THE WIRE-WOUND VERSION Z| COPPER UPED BSTEROR 
ay —~ WHICH WAS USED PRIOR 
: LG TO DEVELOPMENT OF THE } 
\F KS WIRE-WINDING TECHNIQUE 
Le | 
pS | ET 
NSS SY ! 
, 
guides. One thing that all but the circular electric Tests of the resulting cavity revealed that the TE, 


(TEomn) modes in waveguides or cavities have in common 
is longitudinal current components in the cylinder walls. 
If the cylinder wall can be made extremely lossy to longi- 
tudinal currents, all but the circular electric (TE.,,,,,) modes 
will suffer a sharp reduction in Q. Figure 3 illustrates the 
design of a cavity wall having the desired lossy character- 
istic. Figure 4 is a cross section drawing of the cavity. 

In order to suppress the TE», circular electric family 
which suffered no reduction in Q with the wire winding 
technique, coupling irises were subsequently moved to 
that radius in the end plate where the currents in the 
TEs, family are zero. This end plate coupling has an 
additional advantage over the design of Fig. 4. Irises for 
coupling the desired modes are smaller and _ therefore 
couple less strongly in general to other undesired modes. 
One disadvantage of end plate coupling is the possibility 
of their increasing cavity microphonics by increasing the 
mass and reducing the stiffness of the end plate. 
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family of modes was not sufficiently suppressed by the 
wire winding technique, since longitudinal current com 
ponents in this mode family are very small. However, 
this mode has heavy current concentration at the center of 
of the end plates where currents of the TE ,,, modes ap, 
proach zero. Accordingly, a device was constructed for 
coupling energy out of the TEs, modes—for lowering the 
© of these modes—at the center point in each end plate, 
Fig. 5. Figure 6 is a photograph of the final design of the 
stabilizing cavity. Figure 7 is a mode chart showing that 
the final design fulfills the objective of suppressing all but 
the TE,,,, mode family. 


OPERATION 


Operated between 8500 and 9600 me, the cavity yields 
a stabilized modulation sensitivity over the whole band of 
about 8 kc/volt. The stability factor varies between 100 and 
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GUARDIAN 


STEPPrEanRS 





PROGRAMMER 


e reliable 





e rugged 
e long-life 


@ Guardian offers this new, compact, rugged, long-life, highly reliable 
Programming Stepper which meets and exceeds MIL-S 25259 (Proposed). 
Approved and used for control of guided missile and in-flight equipment, it is 
available now for a wide variety of control engineering projects including 
automated production systems, machine tools and industrial products. Use it 
singly, or in combination with Guardian relay matrixes, control banks and in 
complete control assemblies as the “heart’’ of your unit. Open or sealed, it 
operates under extreme temperatures, high altitude and severe vibration or 
shock. Carries 8-12-18 or 24 points sealed or unsealed; up to 16 wafers and 
unlimited switching arrangements. 


MORE POWER is distributed by the unique design of the ratchet mechanism. 
LESS SPACE required to make your product more compact, more efficient. 


Thousands of Variations in Guardian’s Complete Stepper Line 


itil 





CTRICAL RESET ELECTRICAL RESET P.C. R.A.S. ’ 
a srereen 9s MIDGET Tong CONTINUOUS ROTATION CYCLING RATCHET ADD AND SUBTRACT 
STEPPER MIDGET STEPPER STEPPER 


Wnrile for details on Guardian's Programmer and for Stepper Bulletin P-84 


GUARDIAN 1G] ELECTRIC 


MANUFACTURING COMPANY 
1611-P’- W. WALNUT STREET, CHICAGO 12, ILLINOIS 
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Wide Range 
Space Saving 




















PRESSURE 
VACUUM 
CONTROL 


United Electric’s Type J51 Pressure-Vacuum Control 
is a skeleton, precision-built unit that is used exten- 
sively in applications where space and weight are 
factors. It has an uncalibrated adjustment that may 
be provided with locking feature if desired. It is a 
rugeed, wide range control suitable for a multitude 
of uses. 





Adjustable Ranges . . . | Models available in ranges of 50, 75, 
and 250 psi between O and 350 psi 


limits. 





Switch Differential . . .| Approximately 5 or 10 psi dependent 











on model. 

Switch Ratings...... Up to 15 amps. at 115 or 230 volts 
A.C. Also available are 20 amps. 
A.C., manual reset, D.C.,and other 
switches. 

Switch Types....... Normally Open, Normally Closed, 
or Double Throw —no neutral 
position. 

Maximum Pressure . . . | 350 psi. 





Electrical Connections. . | Lead wires attached to screw type 


terminals on switch. . 





Pressure Connection . . | Via a 44” male NPT connection. 





Via pressure connection. 





Bellows Material . . . . | Eicher type 321 or 347 stainless steel. 








UNITED ELECTRIC manufactures a complete line of 
temperature, pressure, and vacuum controls. For 
applications requiring custom-built units or modified 
standard units, call upon a UE application engineer 
for recommendations. Complete data is available 
for me Type J51 as well as for all standard UE 
controls. 


United Flectric Controls 
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200 as a function of frequency. Thus, with a supply hay 
ing less than 1 millivolt ripple the contribution to FY 
from the reflector would be less than 8 cycles. Measure 
ments of short-term stability, beating two stalos together 
yield short-term relative stability better than 8 cycles i 
200 ms. 

The maximum number of tuning adjustments on thé 
stabilizing cavity is three: frequency, phase, and couplin 
For best results all must be used when frequency chang 
greater than 500 mc are made. For frequency changes 
the order of 100 mc it is only necessary to adjust the tuner 
When a sine wave sweep is available for the klystron r 
flector and an oscilloscope can be used to display pow 
output vs sweep voltage, adjustment of the stalo for op 
timum performance at any frequency is simple. 

The temperature coefficient of frequency of the cavity 
is roughly that of magnesium—somewhat over 200 ke hi 
degree Centrigrade. Cavities can be designed to have 
most any desired temperature coefficient—positive, negati 
or approaching zero—by using Invar, which has a v 
low temperature coefficient of expansion, and _ brass 
the proper configuration. 

Small cavities are commonly made of Invar, but if 
large cavity described here were made of this heavi 
metal, it would weigh about 50 pounds rather than |] 
pounds. This increased mass would result in a tendency 
increased microphonics. However, if temperature compe 
sation of the cavity were required, Invar or similar | 
expansion material would have to be used. 

Circle No. 99 on Inquiry Card. 
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Fic. 6—Mode chart of the final design. For a 3.6 inch diameté 
cavity this chart covers the range between 8650 mc and 970 
me. The only detectable modes in this region are those @ 
the TEo:n family. The vertical lines on the figure represent thé 
limits of tuner travel. It can be seen that by skipping fro 
mode to mode any frequency in X-band can be used. The wu 
per end appears to be limited only by crossings of the T 
family at 12,900 mc, although no measurements have yet bi 
made above 11,000 mc. The lower end is limited by tun 
travel at less than 8200 me. 
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> Oo PIGITAL CONVERTED SINE MECHANISM 
as av 
brass Most versatile line of shaft Provides for instantaneous 
position to digital converters solution of problems involv-« 
but if models for Gray, Binary, and ing the sine or cosine of an 
out 7 Binary Coded Decimal Sys- angular variable. Angular 
is heavig tems. Special models for sine- rotation is converted into a 
than If cosine read-out, Used in displacement proportional to 
ndency ty digital airborne controls, sine or cosine of the input. 
> compen machine tool controls, or Compact, simple, self-con- 
milar low wherever position data must tained design. 


be translated into digital form. 


Ss for C atalog No. 304062 
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Ask for Catalog No. E10 Ask 


co 
RD HEADS c INTEGRATOR 


A complete line of Read-Rec- 
ord Heads for all types of 
magnetic drum memory sys- 
tems. Simplicity of design, 
flexibility of Operation, high 
reading signal and low cur- 
rent are basic characteristics 
of these read-record heads 
pone os used where relj- 
able performance js essential, . 

Ask for latest Catalog ae ees = 


A Precision integrating mech- 
anism for totalizing, rate 
determination, and differen. 
tial analyzing, Can also be 
used as a closed loop servo. 
element for accurate variable 
€. Small in size 
rugged Construction for long 
ife; extreme Precision, 


SHAFT DIFFERENTIAL 


Four models of precision dif- ss 
pobhades of em re FOR MORE THAN 20 YEARS, Librascope has 
angular velocity sums or 
sequence operations. May be lial 
installed or removed without Librascope products are designed for reliability, 
pare of unit or — long-life, trouble-free performance. 

ential. High accuracy; unlim- 
ited displacement; small 


i -lectrical computers 
manufactured mechanical and electrical comy 
c “Ve ' . c? oses. 
and components for military and commercial purpos 


If you have a problem concerning complete 
radial clearance. A time- computer/control systems, contact Librascope. 
tested design. 

Ask for latest information 


liamete 
nd 970 
hose @ 
sent the 


g fro . 

The wl Representatives in Principal cities. i | | | | . A . ( ( ) ) 
e T | 

et be J 
y tun / 


LIBRASCOPE, INC.,808 WESTERN AVE..GLENDALE, CALIFORNIA 
NOVEMBER-DECEMBER 1957 FOR MORE INFORMATION CIRCLE 22 ON INQUIRY CARD 
























COMPONENTS DESIGN’ 


WAVE GENERATOR 
(DRIVEN) 


MINOR AXIS 


MAJOR AXIS OF WAVE GENERATOR 


HARMONIC DRIVE 


New Kind of Mechanical Motion 


Harmonic drive, a new design concept 
in mechanical motion, may possibly 
be the first innovation in mechanical 
principle since Archimedes’ develop- 
ment of the screw. Throughout its 
design and development stage, accord- 
ing to United Shoe Machinery Corpo- 
ration’s research engineers, it has defied 
analysis and classification within the 
usual fundamental concepts of the 
lever, the wheel and the inclined plane 
—elements of machine motion. 
Harmonic drive transmits rotary, 
linear, or angular motion by means of 
controlled deflection waves produced 
in solid steel walls of vessels, pipes or 
other enclosures so as to drive mecha- 
nisms within those walls. The drive 
eliminates the need for valve stems or 
other parts passing through the wall. 
A valve, for instance, can be truly 
hermetically-sealed. Fig. 1 discusses 
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SPLINED RING | 
(STATIONARY) 
} 








mechanic 
remains 
there is « 
at its poi 
wall is 

result, fri 
lubricatio 


FLEXSPLINE 
(DRIVEN) 












® PRECIS! 
drive pro 
| sadvancing 
FIG. 1. New drive principle can be most readily understood in its application to t along the 
rotary version with as little as three basic parts. A splined ring with internal teefthis wave 
mates with a flex spline having external teeth. These teeth are all of one circulasteps, th 
pitch and the areas of engagement are in full mesh. The inside of the flex spline act fynctiona’ 
(in the version shown) as the outer race of a ball bearing. The inner race is ellipticd with no | 
and causes the teeth of the spline to be in full engagement along the major axis @¢@ opppa- 
the ellipse. Along the minor axis the teeth are fully disengaged. The inner race AcrAL a 
called a wave generator, since rotation of the ellipse generates a traveling harmoni itted 
wave. As the wave generator is rotated it causes progressive tooth engagement. Th 
teeth are always in mesh along the major axis and out of mesh along the minor axis? vessel 
There are fewer teeth on the flex spline than on the splined ring; therefore, eadand no p 
rotation of the wave generator moves the flex spline teeth a distance equal to th®% any ty 
tooth differential between the splines. Where the teeth are meshed, they are stationary® SURFAC 
acting as splines in total area contact. The movement of the flex spline or driven memMonic dr 
ber is confined to that area where the teeth are disengaged. It is obvious that thiforces ar 
arrangement incorporates inherently great strength with negligible wear and noise. anchorage 
many types of application, little or no lubrication of the teeth is needed. parts are 


an involu 
LARGE MECHANICAL  Apvanracitlese po: 
Actual values up to several million mesh. H 
one can be positively and continuoush'ct, resu 
produced with simplicity and wit™d gre: 


the principle of operation; Fig. 2 and e 
Fig. 3 illustrate its application to the 
solution of two design problems. 


i ackes bay Wear. 

PERFORMANCE CHARACTERISTICS reduced package design ; — 
® HIGH EFFICIENCY. Units have b GE P 

Engineers at United Shoe Machinery made where the only losses are in For a gi 


anti-friction bearings and the hysteres#Pability 
effect in the flex spline. Both of the@P to 1¢ 
losses are quite small. Even for larg 


Corporation state that unprecedented 
performance characteristics are possible 


with their harmonic drive: 
NOVEMBER 
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SEALING SURFACES 





mechanical advantages the efficiency 
remains exceptionally high. Normally 
there is only one internal part, which 
at its points of contact with the vessel 
wall is essentially stationary. As a 
result, friction losses are very low and 
lubrication is normally not required. 
¢ PRECISE MOTION CONTROL. Harmonic 
drive produces motion by progressively 
advancing a controlled defiection wave 
tion to thalong the periphery of a ring. Since 
ernal teellthis wave is sinusoidal without discrete 
ne circulasteps, the output bears a_ precise 
spline actfunctional relationship to the input 
is elliptiedwith no backlash. 
Jor axl8 ¢@ OPERATION THROUGH A HERMETIC 
ap thse \sEAL. Powerful motion can be trans- 
ment. THitted and controlled directly through 
minor axk’ Vessel wall. The wall is left intact 
efore, ead no packing, stuffing boxes or seals 
ual to thf any type are used. 
stationary® SURFACE CONTACT. On many har- 
riven mewMonic drive applications, transmission 
is that thiforces are resisted at the points of 
d noise. hanchorage. At these locations, mating 
parts are fully splined together with 
an involute spline. The teeth are, at 
pvantagithese points, stationary and fully in 
million #™mesh. Hence, they are in surface con- 
ntinuoushact, resulting in lower contact stresses 
and wit®d greatly improved resistance to 
\Wear. 
have beel® HUGE POWER-HANDLING CAPABILITIES. 
are in thor a given size the power handling 
 hysterest@pability of a harmonic drive can be 
h of the##P to 100 times as large as that of 


» for larg 
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WAVE GENFRATOR 


HANDWHEEL 


BEARING 


FLEXIBLE VALVE BODY 


RH THREAD 


— 


iN AAS 


cose lis 


50 ie i 


5 Slee 


ANNULAR GROOVES 





LH THREAD 


FIG. 2. Valve Drive. Using the harmonic drive principle of motion transmission 
a hermetically sealed valve can be made with all rotating parts outside the 


valve. Sealed within the valve are only two moving parts 
ments. Movement and control of these parts by the 


closure 
drive is 


valve 


seg- 


external motor 


through surfaces in almost pure rolling contact. Positive position indication 


is accomplished by a direct precise 
to a preset torque level. 
conventional transmissions. A_ rotary 


design is possible in which 70 per cent 
of all the teeth are always fully in 
mesh and load bearing. The teeth are 
in stationary contact and function as 
an involute spline to anchor the power 
transmitting member while deflection 
incrementally produces the motion. 

e ricipiry. Connecting links between 
the stationary member and the output 
are multiple in number, short in length, 
and of such shape as to produce a 
maximum resistive moment. For 
example, in the rotary version the 
output is coupled with the stationary 
member by a short tube. One end of 
this tube is splined, keved, welded 
or integral with the output shaft and 
the other end is splined at several 
places directly with the stationary 
member. Torsionally, this is the most 
rigid coupling known. 

© QUIET OPERATION. The only sound 
produced is by the ball or roller anti- 
friction bearing in the wave generator. 
Other parts move into mating relation- 
ship at the peak of a harmonic or sine 
wave where their contacting velocities 
and sound radiation are negligible. 


mechanical 


connection, The valve closes 


AND LIGHT WEIGHT. For 
a given power transmitting value, the 
size and weight of a rotary harmonic 
drive are considerably less than that 
of an equivalent power transmission. 
As the mechanical advantage or the 
torque capabilities increase, this differ- 
accentuated. For high gear 
ratios or high torque values the size 
and weight of a harmonic drive is but 
a small percentage of that of a trans- 
mission of comparable performance. 

@ siImPLiciry. Fundamentally there are 
only three parts—a housing, an input 
wave generator and an output. Com- 
plete working units have been made 
with a total of only these three parts. 
These parts tend to be self supporting 
and self centering. Additional structure 
and complication are added only for 
foreign matter exclusion, absorption of 
exterior lateral forces, assembly con- 
venience or to facilitate manufacture. 

® MODERATE sTRESS. By _ controlling 
the deflection wave and making it of 
simple harmonic form deflection 
stresses are normally as low as 10 to 
25 percent of those encountered in 
conservative spring design. Area con- 


@® SMALL SIZE 


ence is 
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ROBOTESTER 


The easiest way 


to automation 





ro'bo-tes’ter, An electronic device which 
will perform a series of circuit checks on 
an assembled chassis, automatically in- 
dicating failures due to shorts, opens, or 
out of tolerance parts, etc. Uses punched 
tape to set up tests. 


ROBOTESTER offers a technique of 
automatic testing for the smail run as 
well as the high-production system. 
The unique punched-tape program- 
ming permits fast set-up, fast change- 
over, fast correction. No bulky jigs or 
test units...the entire test program 
for a complete system can be stored 
in your pocket! ROBOTESTER has 
reduced test time for its users to 20% 
of manual testing, and without weeks 
of jig-building. Write for complete 
information and circuit description. 





SPECIFICATIONS 
Measurement: DC resistance 
Range: 1 ohm to 10 megohms 
Tolerance: 5, 10, or 20% 


Sequence: Any. Tests in random order, 
above or at ground 


No. of measurements: Between any 2 of 
240 points 


Programming: By punched paper tape 


Tape preparation: By user; punch sup- 
plied 


Speed: 100 tests per min., max. average 
60-90 


Tape life: Over 25,000 cycles 


Maintenance: Plug-in subassemblies 











Specialized automatic test equipment 
and calibration equipment is also 
available from Lavoie Laboratories. 
Write us. 


Lawoie Laboralorias, Jnc. 


‘Matawan-Freehola Road 
Morganville 18, N.J. 


MAtawan 1-2600 
CIRCLE 23 ON INQUIRY CARD 
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FIG. 3. Linear Drive. External rotary motion produces internal linear motion throuf 
a hermetically sealed tubular wall for control of a nuclear reactor. All motion g 
erating parts are outside the wall. The internal screw is engaged with threads on 

inside of the tube at several points, or areas. These contact areas rotate around § 


screw by means of propagation in the tube wall of a harmonic deflection wave. Lay 
linear forces are generated with precise control. Since the inside serew is always! 
positive mechanical interlock with the outside rotary motion, positive indication @ 


be accurately obtained from the outside. 


tact on the mating surfaces reduces 
the surface contact stress to a verv 
low value. Since shear stresses are 
distributed over a large percentage of 
the teeth they are also of moderate 
value. 


Circle No. 211 on Inquiry Card 





WORTH FILING 
Guide to Better Casting 


3l-page booklet contains helpful data 





on factors influencing production 

sound zinc alloy die castings with got 
surface finish. Factors such as_ alli 
composition, standard _ specification 
temperatures, metal injection pressur 
gating, venting, quenching, care 

dies and machines are considered. | 
cluded in the booklet are discussions 
common faults or defects in casting 
what causes them, and how they mi 
be avoided. Examples of defects @ 
cussed are shrink holes, gas - 
porosity, flow lines and blooms, h 

spots. 

Source: Henning Brothers & Smith, Inc., 


Brooklyn, New York 
For your copy: Circle No. 202 on Inquiry C4 
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When you require specific 
physical properties combined 
with accurate dimensions in 
spring steel, call Sandvik. 

From composition, through 
processing to the finished 
strip, Sandvik has had long 
experience in precision- 
control. That is why you find 
Sandvik steels used for 
feeler gauges, watch springs, 
compressor valves, camera 
shutters, reeds, shock 
absorbers and many other 
exacting spring steel 
applications. 

Sandvik supplies cold rolled 
specialty strip steels — 

@ In special analyses for specific 
applications. 

@ Precision-rolled thicknesses to 
fit your requirements. 

@ In straight carbon and 
alloy grades. 

@ Annealed, unannealed or 
hardened and tempered — 
scaleless or polished bright, 
yellow or blue. 

@ With square, round or 
dressed edges. 

Sandvik stocks a wide 
variety of qualities and sizes. 
In addition Sandvik has 
Rolling, Slitting, Edge- 
Filing and Hardening and 
Tempering facilities. 


NEW, FREE BROCHURE 
Gives Specific Data e 
On Sandvik Cold 

ty 


Specify 


SANDVIK 


Precision-Tailored 


Spring Steel 


FOR ACCURATE FLATNESS, 
STRAIGHTNESS, WIDTH, GAUGE AND 










EDGE FINISH PLUS SPECIFIC 
PHYSICAL PROPERTIES 


Rolled and Hard- 
ened and Tempered 
Strip Steels. Cat- 
alogs leading types 
by application and 
lists finish, usual 4 
size range and chem- . 
istry. Send for your copy today. 


SANDVIK STEEL, INC. 
1702 Nevins Road, Fair Lawn, 
New Jersey 

Tel. 

In N. Y. C. Algonquin 5-2200 
Warehouses: Fair Lawn, N. J. © Cleveland « 
Los Angeles 

Branch Offices: Cleveland © Detroit @ 
Chicago © Los Angeles 

SANDVIK CANADIAN LTD. P. 0. Drawer 1330, 
Sta. 0., Montreal 9, P. Q. 

WORKS: Sandviken and Hellefors, Sweden 
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How Industry Uses INVESTMENT CASTING 
to cut production costs! _ HIGH TEMPERATURE 
| | _ AIR MOTOR 
RN Teeter 


S | 
, 
pART A new air motor follows electroni 






























Typical | 
modulation in ambients to 1000 de} motors 


: WAS Rts 


bs asting 
ae icra covpment LosSacea the same, co | grees F and with 400 degree F tem torque a 
originally morrmsrock, ae ee blanking, perature differentials between moving rpm. Pe 
required blanking, form; forming: Pre-mee i parts and housings. Light weight anda direct~ 
ing, Prema perations ees tient assembly. corrosion resistant materials with stable proportio 


: ially re- oN ie e i 
that created many had it ase ee pre | characteristics at high temperature ply air, 


and proved 
































(aap a = ‘“ were fabricated to close tolerances in by chang 

—— accordance with special designs td 
: *Details on request create motors with remarkable perfor: effective 
pad | | mance achievements. J and tem) 
i If you have a precision parts problem, perhaps Investment I es Incorporated, Grand Rapics, taining s 
Casting can help you. If the part measures 6” x 5” or smaller, Michigan, ‘states that one model ac} Advar 
if it weighs 3 Ibs. or less, if it requires starting tolerances as celerates from zero to 100 7 2 metallur; 
close as plus or minus .005” per linear inch, if it now needs 5 0.00004 second against 20 pound. and nick 
Send today for or more fabrication steps, maybe you NEED Investment Casting. A i Aighr col oe en stellites _ 
our new -page ‘or if els i ‘ IS, & " 
conn Namo ALEXANDER SAUNDERS & C0 | weigh as little as three pounds. me 
pany al * | Power output is proportional to sup} and oe 
“hewrand whey” 99 Bedford St., New York 14, N. Y. | ply pressure and unaffected by tem- different 
b _— WAtkins 4-8880 perature, and a typical motor weighing’ + tem 
a ‘eds Photo and data courtesy of The International Nickel Co., Inc. | 20 pounds delivers 30 horsepower from temperat 
5 = | 300 psig. High starting torque, instan- Miproact 
FOR MORE INFORMATION CIRCLE 26 ON INQUIRY CARD. —=—~—~SOS™SCS_«StnnOS_ reversibility, and equal efit ji nate 

_ . x . ciency in either direction of rotation 


eS 





- & ‘ ; Ae : bricant- 
” ~ give the unit versatility for high-tem bgned : 
perature, jet engine applications. wad 


Ambidextrous operation, thermally sign obje 
unaffected output, quick frequency), super-: 
response, and high torque resulted) necessary 
from the use of a positive displacement, anhients 
pressure-relief type of motor enhanced 
by a new valve design requiring small ' 
control forces. The main design prob- 
lem was to produce a motor to operate 
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photo courtesy of Convair 


WELDMATIC PRECISION WELDING JOINS 
“DIFFICULT” MATERIALS INSTANTLY FOR CONVAIR 


> 





Schematic above illustrates airflow through 
the motor. Units are controlled by am 





Making spot welds in millisecond time, this Model 1016 Weldmatic Welder external mechanical signal that drives @ z 
speeds up instrument assembly involving difficult materials at Convair. Here fully balanced, centered, 4-way barrell 
it’s used to assemble 28-30 gauge iron thermocouple leads to low-carbon steels, | Pncumatic valve. Rotating the valve pres “ear has 


surrizes the motor for either clockwise 24Tow et! 
or counter clockwise rotation. Overcoast three pour 
of these units is limited by dynamic “wed fri 
braking resulting from the differential) ®¢ housi 


DIVISION OF UNITEK CORPORATION | pressure produced by the motor acting qq pening 
276North Hal aA ‘ ‘ a vacuum pump on the inlet side and a “°W oper 
01 alstea venue * Pasadena, California compressor on the exhaust side when the|°™plex fp 


SALES ENGINEERING REPRESENTATIVES IN PRINCIPAL CiT!1Es |. Valve is moved to the center “off” position. gt bear 
FOR MORE INFORMATION CIRCLE 25 ON INQUIRY CARD inne 


aluminum alloys and magnesium alloys. Sturdy joints provide unusual resistance 
to acceleration, vibration and high temperature; joint uniformity provides high 
reliability. Write for technica] data on the Weldmatic line. 
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20 06004001000 1200 1400 1600 100 2000 
‘lectroni Typical performance curve of Lear’s air 
1000 de! motors illustrates the unusually high 
» F tem torque at starting for a low operating 
. moving rpm. Performance is similar to that of 
ight anda direct-current electric motor. Torque is 
th stable proportional to gage pressure of the sup- 
peratures ply air, and power output is unaffected 
by changes in temperature. 


‘ances 
signs t 
e perfor effectively at extreme temperatures 
_,,;and temperature gradients while main- 
Rapics} taining small size and weight. 
‘odel ac} Advantage was taken of recent 
rpm 1) metallurgical advancements in cobalt 
pound: 


and nickel alloys, steel super-alloys, and 
; supply. stellites in conjunction with high tem- 
= unit perature magnesium alloys. These were 
nds. thoroughly tested before final selection 
il to SUP and matched to eliminate problems of 
by tem differential expansion at high and gradi- 
weighing, ent temperatures. Close control of room 
nies from temperature assembly with tolerances 
5 ae approaching 0.0002 inch was kept to 
se a jcliminate the danger of seizing. A lu- 
high-teal bricant-free, special bearing was de- 

signed because no available lubricant 
a showed sufficient promise for the de- 
thermally} sign objectives. Special geometry with 








requency' 4 super-alloy was used to provide the 
resulted necessary degree of freedom for high 

— ambients. 
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valve pres! Lear has designed its units in compact 
clockwise 28row envelopes weighing as little as 
Overcoast ‘hree pounds. Above is illustration of unit 

dynamic, “iewed from the input end. Contour of 
differential! e housing was designed for ease of 
r acting as, Machining from high temperature metals. 
side and a “©W operating rpm of units minimizes 





when the) ®°mplex problems of high bearing loads, 

”* position gh bearing speeds and dynamic _bal- 
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ED 4.6 ieee asset dmeee 10 to 34 cycles per second at maximum 
excursions of .04'‘—34 to 2000-CPS 20G‘s 
acceleration 











0 ee re Pere a ee 50G’‘s for 11 milliseconds 
SN bees ew eieedivenesedes 100,000 operations minimum at rated 
current 
AMBIENT TEMPERATURE RANGE. . -65°C to 125°C 
0, SS ee ee Continuous 
OPERATING POWER .......... Nominal 1.2 watts at ambient temperature 
CONTACT ARRANGEMENT ...... DPDT (2 Form C) 
CONTACT RATING ............ 2 amps resistive at 32VDC or 115VAC 
CONTACT MATERIAL .......... Silver-Magnesium-Nickel, Gold-plated 
CONTACT RESISTANCE ......... 0.05 ohms . 
@) q] | @ OPERATING TIME ............. 5 milliseconds maximum at nominal power 
| PPC ERTL Oe 5 milliseconds maximum 
Ta. G c'é'e's a 0.6 6% 6-0 bis 68 Voltage breakdown of relay is 1000 volts 
AC at sea level—450 voits AC to 70,000 
feet 
OO $ DIELECTRIC STRENGTH ......... 1000 volts RMS 
LO 16" 664)2) insutation RESISTANCE |... 100 megohms minimum at 125° C 


STANDARD COIL RESISTANCES... 30, 120, 600, 1000, 2500, 5000, 10,000 
ohms; others available 


SUE Ce sele cose eenceesnceses - 0.875 high x .797 wide x .359 thick 
maximum 

WEIGHT ..... ee Seer eee 0.45 ounces (maximum) 

MOUNTING ARRANGEMENT ....Angle bracket (as shown), strap bracket 
or plug-in 

TERMINAL ARRANGEMENT ...... Solder-hook (as shown), or plug-in 


























Special and Standard 


POLLAK 
CONTROLS 


Accurate, Dependable, Long Life 


Nearly a half a century of ex- 
perience in specialized design 
and production of precision 


components... . 


RELAYS 


HIGH VOLTAGE 
COAXIAL 
COMMUNICATIONS 
COMPUTER, Power circuit 
MINIATURE 


MINIATURE HERMETICALLY 
SEALED 


PULSE 
POWER 
TIME DELAY 


SOLENOIDS 


MINIATURE, AC-DC 

PLUNGERS FOR PUSH OR PULL 
300 CUSTOM TYPES FROM 
20 STANDARD PARTS 

DOUBLE ACTING 


SWITCHES 


IMPULSE 
MOMENTARY 

PUSH PULL 
ROTARY SELECTOR 
TOGGLE 
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COMPONENTS DESIGN 





NEW VANE TRANSDUCER 


Split-Wedge Measures 
Angle of Attack 


A new approach to the problem of 
angle-of-attack measurement is repre- 
sented in G.M. Giannini & Company, 
Inc.'s Angle-of-Attack Transducer. 
Their basic design objectives were to 
develop a heated, damped local angle- 
of-attack transducer that would be 
reliable, operational and easily pro- 
duceable. A further necessary require- 
ment was that the instrument meet 
or exceed MIL-T-25627 (USAF) Speci- 
fication. 

Two of the most difficult design prob- 
lems were: choosing the proper damp- 
ing technique—magnetic, pnuematic, or 
viscous—to most adequately answer the 
size, weight, and performance require- 
ments of the instrument; and a heating 
element and temperature controller that 
would combine high reliability with 
operational requirements of the instru- 
ment. 

Giannini’s engineers solved the first 
with the design of a simple viscous 
damping mechanism and the second 
with a high positive temperature co- 
efficient heater element that eliminated 
a thermostat. 

The unit consists of a heated vane 
geared to two output synchros. Damp- 
ing is maintained to 0.5 of critical. A 
single, stainless steel-sheathed tubular 
type heater, cast as an integral part of 
the vane, extends down into the shaft 
for de-icing of the labyrinth seal. To 
insure that the information supplied 
by the instrument is usable, the dynam- 
ics of the vane had to be controlled 


New split-ewedge transducer was designed] 
for operational or flight-test applications 





requiring accurate angle-of-attack or side- 
slip application. The two-pound transducer | 1280 
withstands accelerations up to Ig and jr 
has a range of +25 degrees. 





within the specified requirements. Care- | 
ful control of the system function and 
gear backlash maintains accurate elec- | 
trical information of the physical phe- 
nomena sensed by the vane. The unit, 
takes 0.075 second maximum to recover | 
63 percent of a step-input at 110 knots | 

at sea level. Its overshoot is 0.5 degree} ‘ 
maximum when the vane is released | 
from a 3.0 degree deflection at 110 
knots at sea level. Its sensitivity is 0.2 
degree from 90 to 125 knots and 0.1 

degree from 125 knots to Mach 3.0 
at sea level and its accuracy is 9.25 
degree from 90 to 125 knots and 0.2 
degree from 125 knots to Mach 3.0 
at sea level. 








Circle No. 90 on Inquiry Card. 














MAIN 
(SHAFT) 
AXIS 





SYNCHRO 
ROTORS 
DAMPER 
ROTOR 


LABRYNTH CAP 


SHAFT 


MAIN 
SECTOR GEAR 





PINION 
GEARS 


COUNTER WEIGHT 


2060 


Schematic illustrates orientation of rota | 
ting members in the angle-of-attack unit. 
The heated vane is geared to output syn- 
chro rotors through a shaft vane sector 
gear and pinion gears. A 50 degree angu- 
lar change of the vane element corre-| 2929 
sponds to 135 degree rotation of both syn- 

chros. The unit is designed to use poten- 

tiometer pickoffs, if required. 6: 
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designed | 
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ELECTRONIC TACHOMETERS and FREQUENCY COUNTERS 
REMOTE AND EXPLOSION-PROOF In-Line Numerical Indication 


Model 1280: 4-digit readout. Model 1281: 5-digit readout. Designed for operation of remote in-line readout at distances 
up to 500 feet. * Choice of indicator styles * Digital Count Down Time Base * Sine Wave: 5 to 150,000 CPS * Pulses: 
0 to 150,000 CPS * + One Count * Display Time: Adjustable from .1 to 10 seconds * Time Bases: .1, .5 and 1.0 
seconds (Special time bases available) * Sensitivity: 50 MV RMS (5 MV optional) * Input Impedance: 1 megchm and 
50 MMF ®* Electronically regulated power supply. 


SELF-CONTAINED In-Line Numerical Indication 


Model 1290: 4-digit readout. Model 1291: 5-digit readout. Designed for dependable and precise readout of speed, 
frequency or flow. Same technical specifications as 1280 Series above excepting has self-contained readout. 


DECADE SCALER TYPE Remote and Explosion-Proof (Class 1, Group D) 


Also Available With Self-Contained Indication. Model 1260: 4-decade, 60 cycle time base. RPM to 10,000 in one-RPM in- 
crements. Counts from 20 to 40,000 cycles per second + .1%. (Available as Model 1270 with self-contained indication.) 
Model 1261: 5-decade, 60 cycle time base. RPM to 100,000 in one-RPM increments. Counts from 20 io 100,000 cycles 
per second. + .1%. (Available as Model 1271 with self-contained indication.) 

Model 1262: 4-decade, 1000 cycle precision tuning fork time base, + 1 count. Also available with odd-frequency tuning 
forks. Other technical specifications same as Model 1260. (Available as Model 1272 with self-contained indication.) 


1280 








ts. — 
tion and 
ate elec- | 
cal phe- | 
The unit | 
) recover | 
10 knots 
> degree 


ied or 
Explosion-proof 
nasties 








released Model 1263: 5-decade, 1000 cycle precision tuning fork time base, - 1 count. Also available with odd-frequency tuning 
at 110 forks. Other technical specifications same as Model 1261. (Available as Model 1273 with self-contained indication.) 

ty is 0.2 Suitable explosion-proof pickups are available. See Tachometer Pickup listings on this page. 

and 0.1 ‘ 

ach 3 PRE-SET COUNTER For Automatic Control 

a 095 Model 4150: Designed for high speed counting and control in automatic operations. Panel switch permits use as 


totalizing counter at rates up to 5000 per second. Optional batch counter, (5-digit register) shown. Totalizes batches 
at rates up to 600 per minute. Various magnetic and photo-electric pickups can be furnished. Useable as preset time 
interval generator in 1/60 second increments for accurate timing of welders, processes, etc. 


ELECTRIC TACHOMETER INDICATOR 


and 0.2 
lach 3.0 





4150 





*Model 635: 6-inch dial. Model 335: 3-inch dial. *Designed as a precision, sensitive type electric magnetic-drag 
tachometer indicator assembly. Aircaft type movement provides great accuracy over wide temperature and speed range 
and within limits suitable to most lab requirements. The large pointer makes 312 revolutions for full scale deflection 
(a total scale length of 66 inches). Suitable generators are available . . . see ‘Pick-ups’ below. 
ELECTRIC Glow-Transfer MILLISECOND TIMER 
Model C99F2: Designed to fill today’s need for precise, reliable and convenient measurement of elapsed time. Available 
in 3 mounting styles: Console cabinet shown; flush panel mounted cabinet; explosion-proof housing. Complete timer 
is self-contained. Needs no external source of frequency control. Time base is 1000 cycle precision tuning fork. Count 
is displayed opposite numbers around periphery of glow transfer type decimal counting tubes. Timer can be controlled 
manually or by external means. Range: 99.999 seconds in .001 second increments. + .001 second or .008%. 
VANE C99F2 
BRYNTH CAP All I-L-S tachometer pick-ups are designed to meet the and AN5531-1 3-phase tachometer generators. 2 or 4 poles 
rugged requirements of industrial service. The following available to accommodate various drive ratios. Ideal for 
are the most popular models. 1-L-S 635 or 335 tach indicators. 
: ‘ Model 2030: Foot mounted drive assemble for AN5544-3 tach 
- Model ee UL —_ I. b—age D tetonseet impulse generator. Various other types of generators may be adapted 
generator with tandem facility for auxiliary generator to to the AND20005 mounting pad. Heavy duty ball bearing 
provide pointer indication or analog signaling concurrent drive assembly. 
with digital information. Model 2020: Identical mechanism 
MAIN to Model 2000AG except foot-mounted for non-hazardous Model 2040: Explosion- proof, pad mount to standard 
CTOR GEAR installations. Auxiliary generator mounting pad meets AND20005 engine tach drive pad. Standard 60 or 120 cycles 
a AND20005 spec. per rev. Specials available. 
Model 2060: Rugged compact unit for UL Class 1, Group D Model 2043: Precision dual-pad impulse generator for ‘’sand- 
service where space is limited and signal requirements are wich’’ mount between tachometer generator and engine 
for digital information only. Model 2050: Identical mecha- AND20005 mounting pad on recriprocating or turbine engines. 
. ws nism to Model 2060 except foot-mounted for non-hazardous Frequencies 60 or 120 cycles, 
ER WEIGE installations. Standard frequencies are 60 to 120 impulses Model 2CM9AAC: AN5544-3 tach generator available with 
per revolution. Special frequencies available. 2 or 4 poles for powering I-L-S Model 335 or 635 tach indi- 
Model 2010: Explosion-proof drive and housing for AN5544-3 cator. Pad mounts to AND20005 mounting. 
VARIABLE AUTOFORMER Explosion-Proof 
Model 6240: Designed for panel mounting in hazardous areas where power line voltage control is required. Compact, 
lightweight, cast aluminum. Normally supplied with a Superior Electric type 116 powerstat. Rheostats and poten- 
of rota | tionmeters can be furnished on special request. Two smaller models with lower power ratings also available. 
ack unit. 
tput sym EXPLOSION-PROOF HOUSINGS 
ne sector A wide variety of explosion-proof housings designed for Class 1, Group D service is available. These housings have 
ree angu- successfully passed explosion-proof tests as conducted and certified by Inland Testing Laboratories of Chicago. 
nt corre- 
both syn- Technical bulletins on all products are available at your request. 
se poten- 





6240 
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I-L-S Instrument Corp. ¢ 4523 West 160** Street ¢ Cleveland 11, Ohio 
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Giant in industry importance .... 
Modest in actual size .... 
Miniature when compared with the job it does. 


One of the most flexible switches available to de- 
signers, the General Control MCM Lever Switch can 
be furnished with any combinations of lock and 
non-lock lever action and with a wide variety of 
contact assemblies. A few of the valuable benefits 
provided: 
e Ball-bearing lever mechanism for long life and 
easy operation. 
@ Positive detent action for long life of contacts. 
@ Single-hole mounting for ease of installation. 
e Controls up to 40 circuits without additional 
components. 


@ Precision made for long life. 


e Prompt delivery. 


Write for Bulletin CL-100 or see our catalogs in Radio’s Master 
or Sweet's Product Design File. MCM 














SWITCHING 
TIMING 


GENERAL CONTROL COMPANY 
1199 Soldiers Field Road + + Boston 34, Massachusetts 
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Antennas 
Feed Systems 
Rotary Joints 
Slotted Lines 
RF Heads 
Horns 
Diplexers 
Filters 
Duplexers 
Water Loads 
Transitions 
Attenuators 


Dirc -iional Couplers 
Crystal Mounts 
Magnetron Plumbing 
Bolometer Mounts 
Waveguide Mixers 
Crystal Mixers 
Stub Tuners 
Waveguide Tuners 
Hybrid Rings 
Frequency Meters 
Waveguide Assemblies 
Coaxial Assemblies 


Tee Sections 
Terminations 
Dummy Loads 
Phase Shifters 
Klystron Mounts 
Shorts 
Adapters 

Line Stretchers 
UG Flanges 

Bends 

Twists 

Accessories 


DIAMOND, with its policy of | diversi- 


fied expansion now offers a. complete 
ONE SOURCE facility for design and 


manufacture of Antenna Systems, Micro- 


wave Components and Test Equipment. 


Write for Catalog 


ANTENNA & MICROWAVE CORP. 
7 North Avenue ° Wakefield, Massachusetts 
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Low temperature physics research has _ be 
resulted in the development of a ver oa C 
high speed computer memory element Tig 
which makes use of low temperature 
superconductivity principles to achieve 
both storage of information and 
instantaneous switching. The newly.’ 
developed device, trademarked “Per. 
sistor”, is a miniature — bi-metallic 
printed circuit which operates at a 
temperature within a few degrees of 
absolute zero (—459.6F). It requires 
very little power for operation and has 
been designed with switching times as 
short as 10 milli-microseconds (1/10 
millionth of a second). 

Designed for use in the memory” 
unit of an electronic computer, the Integrat 
Persistor improves the access time to _ 
the memory 10 to 100 times over ‘Page 
present methods. This increase ix perform: 
speed permits an improvement jj four-tube 
balance between the arithmetic an long me 
memory units in the computer. Th eat sta 
Persistor was developed in the Ram amplifier 
Wooldridge Aeronautical Research and oth 
Laboratory, headed by Dr. Milton U gate vi 
Clauser. Inventor of the Persistor i mittentls 
Dr. E. C. Crittenden, Jr., and researc! long-tern 
on the project was carried out by Dr informat 
Crittenden and Dr. F. W. Schmidlin. | the — 

The new unit makes use of thy minals, : 
Pine w unit. Cri 
superconductivity phenomenon exhib 
ited by various metals at low temper ** ed, a 
atures to achieve both the switching tor naan 
and signal storage functions required?’ ns 
of a computer memory element} for your « 
Essentially, the Persistor is a loop 
composed of segments of two metals|WORTH | 
both of which are maintained in *Welding 
superconductive state at a very low 
temperature. One segment of the loo, 180-page 
is of a metal so chosen that the passagt sized W 
of a small current through it (thesimplifiec 
critical amount depending on_ itbase me 
temperature) causes it to change from welding 
its superconductive to its normal récompour 
sistance state. A subcritical curremjtorch an 
is induced in this loop and montana and sol 
circulates around it for an indefinitelf informat 
long period; the direction of th maintenz 
current represents the informatiatlaying f 
being stored. tance, a 

Direction of the current in the loofparts. 
is determined at any time by impres#such as — 
ing an interrogating current pulse of ductivity 
the loop. The direction of the curreffered. H 
in the Persistor is clearly indicated bj welding 
the presence of a voltage pulse upof Source: Eu 


interrogation. Fh 
For your c 


Bi-metallic Printed Circuit for 
Switching and Signal Storage 


intends 
low tem 
the succ 
Persistor 
tists to 
ducting 
which o 
scope to 
ment of 


ORTH 


ELECTROMECHANICAL DESIG NOVEMBE 


“Maintaining the low —— | Specify NUMATICS VALVES 
‘required for Persistor operation offers | a ' xs 
; Titstade to their immediate use in | ... there are no equ ivalents 

computers,” Dr. Clauser says, “Recent 

advances in helium liquefiers make it 
feasible to maintain low temperatures | 
‘at a cost which can be considered a | 
negligible part of the cost of operation 
of a computer.” Half a million Persis- 
stors will be able to operate in the | 
space of only one cubic foot in a 
computer. 

Dr. Clauser said that the company 
intends to continue its research into 
low temperature physics. He said that 
the success achieved in developing the 
-Persistor leads Ramo-Wooldridge scien- 
tists to believe that other supercon- | 
ducting components can be developed 
which offer possibilities comparable in | 
scope to those opened by the develop- 
ment of semiconductors. 

Circle No. 212 on Inquiry Card 
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WORTH FILING 


uter, the Integrating Amplifier ! , 7 if 
Ringe! 7-page bulletin describes the design 
i, Performance and applications of a new | 
manta four-tube electronic integrator with 
netic ang Ong memory, high sensitivity, excel- 
iter. The lent stability, and versatility. The 
he Rama @mplifier can be used in computers 
Researcl in other electronic devices to inte- 
Milton Ui state video, narrow pulses or inter- 
ersistor { Mittently sampled data and to provide 
Satna long-term memory of integrated input 
ut by Dr information. Numerous circuit points of | 
ear A | the amplifier are available at the ter- 
at minals, increasing the versatility of the 
on exhib Wit. Critical circuits are hermetically 
w temper sealed, and all components are selected 
switchial for accuracy and long life. 
-_.; Source: Airborne Instruments Lab. 

requiret Mineola, New York 

element} For your copy: Circle No. 209 on Inquiry Card | 
s a loop | 
vo metalsWORTH FILING 


ined in ‘Welding Data Book 
very low 
f the loo 180-page 1958 edition of the pocket- 


te: -8 0 eee | fp ee BH Bo). . i 





crease 





Today’s control demands, particularly in 
automation applications, require a host of 
unusual air circuits . . . emergency stop 
inching circuits, dumping both ends of 
cylinder to exhaust, pressurizing both cylin- 
MANIFOLDS der ports, to mention a few. The valves for 





> 19 NASA “Saleen seat tater jobs like these? Numatics spring-centered 
he passagl sized W elding Data Book describes | changeably with all other SA DSA 34 valves . . . the valve series that gives 
h it (thtsimplified welding procedures for every | Series air valves on Numatics you split-second response, takes pressure 


s on ittbase metal. The book, covering 120 | air and conduit manifolds. 
ange frotwelding rods, electrodes and welding 
1ormal recompounds, is a guide to improved 
al curretjtorch and metallic-arc welding, brazing 
ntinuousljand soldering. Useful “how-to-weld” 
ndefinitel¥ information is given for fabrication, 
n of thmaintenance repair and salvage, over- | 
nformatiai laying for wear and corrosion resis- | 

| 


surges without sticking or fluttering. 
Numatics DSA34 valves are offered, what’s 
more, in a wider variety of sizes and actions 
than any similar valves now on the market. 
Want more details? Send for Numatics new 
Bulletin #558A on unusual circuits usine 
3-position valves. 


tance, and welding of dirty, rusted 
n the loojparts. Special welding applications 
y impres#such as joints with high electrical con- 


d Ras ttns . . ¢ 4 . ‘ " * i 
+ pulse uctivity, tinning and plating are cov | Numatics makes a complete 


he curretiered. Hundreds of applications for line of foot-mounted, line- 
dicated b, welding are given for every industry. | mounted 2- and 3-way valves, 7 nt. 


LINE 
VALVES & 





pulse upo Source: Eutectic Welding Alloys Corp., too. Ask for Bulletin #4000. 
Flushing, N. Y. 
For your copy: Circle No. 207 on Inquiry Card HIGHLAND, MICHIGAN Dept. EM 
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ARE YOU 
LOOKING FOR 
FINE PITCH 
PRECISION 
GEARS ? 





Spiral Ring Gears 











Film Sprockets 














- Splined Shafts with 
Mating Couplings 








Worm Wheels 








Spur Gear Clusters 











Worm Wheels with Grooved Hub 
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Thread Worms a 
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For Fine Pitch Precision Gear 
requirements that include up to 
ly” to 5” O.D. — 180 — 16 D.P. 
AGMA Precision #3. 

... just write us today. There is 
no obligation. 

H.O. Boehme, inc. 
Designers and Manufacturers 
Communication Equipment 

Precision Electro-Mechanical 

Apparatus Since 1917 

915 Broadway New York 10,N.Y. 
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COMPONENTS DESIGN 


SALT WATER PUMP 


No Seal is a Good Seal 

Using a new design approach and an 
unconventional selection of material, 
Longport Marine Co., Longport, N. J., 
has developed a bilge pump that avoids 
the three most common faults in salt- 
water pumps. 

The Lovett bilge pump uses insulat- 
ing, non-corrosive Plexiglas in its major 
components to eliminate electrolysis 
induced by minute leakage of current 
from motor windings and _ insulation. 
It also has a permanent, maintenance- 
free air lock-seal which operates on 
the same “trapped-air” principle as 
that of an air pocket trapped in a tum- 
bler inverted in water. This air lock 
prevents water leakage into the motor 
compartment and_ eliminates _ shaft 
seizure due to seals being shrunken or 
dried during prolonged idle periods. 


MATERIALS SELECTION PROBLEM 

The rapid destruction of exposed metal 
parts by electrolysis is the chief cause 
of deterioration in conventional bronze 
pumps. 
avoided this problem by using Plexi- 


marine Lovett designers 
glas for the major components—the 
outer casing for the pump and motor 
assembly, the casing cover, the impeller 
and impeller housing and the outlet 
port (Fig. 2). 

inherently 


Besides being non-cor- 


RIBBED COVER, 


zPULLEY WHEELS AND BELTS 


rosive, Plexiglas plastic is an excelleni 
insulator, having a dielectric strength 
of about 500 volts/mil, and a volumé 
resistivity of about 3 x 10!7 ohm-cm 
These insulating properties make if 
possible to eliminate the common prob. 
lem of induced electrolysis. The pump 
motor is completely encased in an all! 


plastic compartment shielding the ad, 


jacent metal pump parts from possible 
stray-current leakage. The motor i 
further isolated by using laminated 
plastic pulley wheels and Buna rubbe 
drive belts between the motor an¢ 
impeller shafts. 

The acrylic plastic provides _ life 
time freedom from corrosion and excel: 
lent resistance to chemicals, oil an¢ 
grease. It does not discolor and re 
stability afte 
months of continuous immersion in salt 
water. It also has high impact strength 
even in relatively thin sections, and 
will not dent. Thicknesses of the parts 


tains its dimensional 


range from 3/16 in. for the flange on 
the casing to 1/16 in. for the impeller) 
Lovett engineers got permanent, main) 
tenance-free sealing with a _ novel 
air lock. As shown in Fig. 1 the com: 
partment through which the impellej 
shaft and electrical power cable pas 
is open at the bottom. With the gas 
keted acrylic plastic cover in place 
the upper end of this compartment ij 
closed off to form the air lock. A} 
though the bottom of the compartmen! 
is completely open to the water, thé 
water cannot rise appreciably becaus) 
the air trapped above the water rej 
sists compression. In short, the volume 
of trapped air acts as a seal. 
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Fig. 1—Cross section of pump as- 
sembly showing motor and air lock 
compartments. All parts (plus outlet 


—OUTLET PORT 





CENTRIFUGAL 


a i IMPELLER 


INTAKE 


. . a 
port) drawn in single cross-hatch att 
molded from Plexiglas. 
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Fig. 2—Exploded view showing the 
major parts of the Plexiglas pump. 


Mesh screen fits around pump to pre- 
vent solid materials from being drawn 
into impeller. 


Of course, if the pump is submerged 
to sufficient depth, the water pres- 
sure will force the trapped air through 
the gasketing to flood the motor com- 
partment. However, this will not occur 
until the pump is submerged to a 
depth of almost 30 feet. Under these 
circumstances the question of whether 
the pump is still operating would be 
the least of the boat owner's problems. 


SHAFT SEIZURE ON START-UP 
lock 


ventional seals and packing, the prob- 


Since the air eliminates con- 
lem of shaft seizure because of shrunk- 
cn or dried seals after prolonged idle 
periods is eliminated. In the Lovett 
pump, the impeller shaft rotates in 
Olite bearings (Fig. 1). The top bear- 
ings is press fitted to a depth of 1/2 
in. into the brass impeller baffle tube 
which keeps the bearing cool by con- 
ducting away frictional heat. A stain- 
less steel thrust washer rides between 
the top of the bearing and the bot- 
tom of the phenolic pulley wheel. The 
pulley wheel is press fitted on to the 
end of the impeller shaft knurled to 
provide maximum gripping action. 
The shaft bearing is also 
pressed into the the baffle 
tube. The lower end of this tube is 
positioned 
threaded 


lower 
end of 
and 


supported by being 


into a collar on the upper 
half of the impeller housing which, 
in turn, is solvent cemented to the 
underside of the Plexiglas casing. The 
impeller is designed to force water 
between the impeller shaft and the 
lower bearing and cools the bearing 
whenever the pump is operating. 'The 
water forced up through the bearing 
is vented through a set of ports drilled 
about one inch from the bottom of the 
bafle tube. An additional port is lo- 
cated near the top of the bafHle tube for 
overflow relief, in case the water ever 
rises to that level. 


Circle 130 on Reader Inquiry Card. 
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New servo-controlled ‘Tilt Table’’ 
for missile guidance testing 


This Thompson-engineered mo- 
bile unit aids in the functional check 
of an intercontinental missile’s 
internal guidance gyroscopes. It 
generates angular position and 
velocity inputs to the gyros. Unit 


consists of electro-mechanical as- 
sembly, electronic pre-amplifiers 
and pick-off amplifiers, and quad- 
rature rejection unit. Two-gimbled 
support structure will carry a 
125-lb. guidance package. 





9 ‘New Actuator 
/ operates for 100 hours at 


550°F submerged in jet fuel 


Pictured is a new Thompson- 
developed actuator used in 
missiles. It consists of motor, 
gearing, feed-back pick-off and 
jacket. Unit has been tested for 
100 hours of operation at 550°F 
submerged in jet fuel. Power out- 


put is 10 watts (mechanical). 
Torque output is 150 inch-ounces 
at 30 rpm at 550°F. Servo per- 
formance in conjunction with a 
computor produces a positional 
accuracy of +% degree. Approxi- 
mate size: 3” diameter x 4”, 


Call on Thompson for development and production of electronic 
control sub-systems and components, countermeasures and 
microwave components. We invite your inquiries. 


ELECTRONICS DIVISION 


'p 


Thompson Products, /nc. 


2196 Clarkwood Road, Cleveland 3, Ohio 


FOR MORE INFORMATION CIRCLE 34 ON INQUIRY CARD 


39 













INCANDESCENT 


CONTROL PANEL 






BURNOFF 
MOCATED BESIDE FURNACE) 
Seranncouns NITROGEN SUPPLY 
TERMINALS \, 
alae MUFF \ —_— 
« & 




















VARIABLE 
TRANSFORMERS 


SAFETY CONTROLS 


A BTU TRANSHEAT FURNACE 
IS AN INVESTMENT 


Because... 


Along with new and patented 

features for superior temperature 

and atmosphere control, the BTU TRANSHEAT 

has FLEXIBILITY! ... One large manufacturer of 
semiconductors has used this furnace for a dozen different 
operations . . . the BTU Transheat produces the wide range 
of time-temperature curves. 


Rated to 1200 


TEMPERATURE (( 











TUE (MINUTES: 


e FLEXIBLE ZONING 


e ADJUSTABLE RATES OF 
AND COOLING 


e INDEPENDENT PROPORTIONING 
CONTROL AND INPUT CONTROL FOR 
VARIOUS LOAD LEVELS 


e NEW HEAT INPUT DESIGN WITH 
EASILY REPLACEABLE ELEMENTS 


e NEW MUFFLE DESIGN 


e DIFFUSED AND PREHEATED ATMOS. 
PHERE 


e ATMOSPHERE SAFETY SYSTEM 
¢ FULL BELT SUPPORT 


HEATING 


MORE INFORMATION WRITE FOR BULLETIN T 1200 


BTU ENGINEERING CO. 


440 Somerville Ave., Somerville, Mass. 


Telephone Monument 6-3724 
FOR MORE INFORMATION CIRCLE 35 ON INQUIRY CARD 
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Miniature Limit Stop 


A new muttiturn, adjustable limit 
stop, 0.87 inches in diameter, has a 
single range-setting screw at the ‘end 
cap capable of adjusting stop rotation 
from zero to full scale continuously 
and with precision. Designed for the 
servo and instrument industries, this 
synchro mounted stop has torque 
capacity of 40 ounce-inches, low in- 
ertia, low starting friction, large 
turns capacity and capability for high 
speed application, Precision Mecha- 
nisms Corp., East Meadow, N.Y. 


Circle No. 177 on Inquiry Card. 




















Wire Tantalum Capacitors 


Primarily designed for low voltage DC 
applications such as transistorized au- 
dio amplifiers, these wire tantalum ca: 
pacitors are extremely small with an 
operating temperature range of —20 
C to +50 C and with adequate storage; 
life. Satisfactory performance above 50 
C is possible where shortened capaci 
tor life can be tolerated. Of polar con 
struction, the capacitor case and _ the 
attached lead form the cathode ter 
minal and are available in insulated 
and non-insulated construction. The 
anode tantalum wire extends through 
the teflon bushing to which a solder} 
able lead is attached. The welded con 
nection is encapsulated in a thermo! 
setting resin. All units are color-coded) 
to indicate capacitance and voltage rat 
ings. Aerovox Corp., New Bedford, 
Mass. 


Circle No. 185 on Inquiry Card. 
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Safety Control for Presses 


An anti-repeat press control with no 
moving parts uses magnetic amplifiers, 
diodes, a transistor, and a pulse trans- 
former instead of relays. Operating on 
115 volt a-c power, it receives input 
signals from the press “run,” “stop” 
and “inch” buttons and the press limit 
switches, and delivers its output to the 
magnet of a protector air valve. Anti- 
repeat control prevents operation of 
the press unless safe conditions exist. 
Principal safety provisions of the new 
unit are: All “run” buttons must be 
depressed before a press stroke can 
begin and must be held down until 
the press downstroke is nearly com- 
pleted. “Run” buttons must be released 
and depressed again before a new 
stroke can begin; if “run” buttons are 
taped or jammed down the press will 
stop at the end of its cycle. “Run” and 
“stop” buttons are directly in the power 
circuit, on both sides of the line. Clark 
Controller Co., Cleveland, Ohio. 
Circle No. 179 on Inquiry Card. 








Hi-Temp, Single Turn Pots 


New 1} inch, high-temperature, single- 
turn, stainless steel Helipot precision 
potentiometers, function over a tem- 
perature range of —55 degrees to 
+150 degrees C. Power rating above 
5,000 ohms is 2.5 watts at 60 degrees 
C, derating to 1 watt at 150 degrees 
C; below 5.000 ohms, 1.5 watts at 60 
degrees C, derating to zero at 150 
degrees C. Standard resistance range 
is 500 to 70,000 ohms with a linearity 
tolerance of +0.50 percent. Best prac- 
tical linearity tolerance is +0.25 per- 
cent. Three models are available, each 
weighing 0.3 ounces. Beckman/Heli- 
pot Corp., Newport Beach, California. 


Circle No. 183 on Inquiry Card. 
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CALIDY?A 
SYSTEMS ARE 
CUSTOM BUILT 


HOW TO OUTWIT 
OBSOLESCENCE 


iT MAY PAY TO 
INVESTIGATE 








Por years, Calidyne has been building Vibration 
Test Systems to meet specific military, aircraft, 
automotive and industrial requirements. Most Sys- 
tems have been custom-constructed for special ap- 
plications. Although they were representative of the 
most modern equipment available at the time, it 
may now be to your advantage to modernize to meet 
the newer requirements of this fast-moving field. 


Some of the older Calidyne Vibration Test Sys- 
tems may have become obsolete to a point where 
they cannot be revamped to meet more modern 
requirements. With others, it is possible for us to 
up-grade the equipment so that its performance 
will compare favorably with any now being offered. 
In many cases this can be done without serious 
sacrifice of the original investment. 


When you want to investigate the possibility of 
bringing your Calidyne Vibration*Test System up 
to date, get in touch with us here at Calidyne — 
we can quickly tell you what can be done. The 
telephone number is Winchester (Boston) 6-3810, 
or write: 





THE 





CALIDYNE 





COMPANY 














Technical Instruments, Inc 


F.R. Jodon, Inc 


120 CROSS STREET, WINCHESTER, MASSACHUSETTS 


SALES REPRESENTATIVES 


John A. Green Compony 





Wolthom 54, Massachusetts (Twinbrook 3.1400) Washington 14, D. C. (Oliver 2.4406) Dolies 7, Texes (Riverside 1.3266) Seattle 8, Washington (Lander 3320) 
Bridgeport. Connecticut (Fo 8.4582 1 
s New York (Gronite 1.7870: vl a CANADA 
med & Conmaaiecl tact : Specialized & ne or Houston 6. Tenes (Jockson 6.2959) Meosuremen' # Engineering, Ud 
Hartford 3, Connecticut (Jackson 5.4846) pecialized Equipment Corporation 9 9 
Cocoa Beach, Florida (Cocoo Beach 3328) Brooks, Feeger and Morrow Arnprier Ontorie (Phone 400) 
b New Mexico 8.1724) —Torons 10. Ontario (Michory 4.8172) 


G. Curtis Engel & Associates, Inc 
Ridgewood, New Jersey (Gilbert 4.1400) 
Long Islond, New York (Wolnut 1.5095) 
Philodelphio, Pennsylvania (Chestnut Hill 8-0892) 


Hugh Marsiond and Compony 
Chicago 45, Illinois (Orchard 6.1100) 
Indianapolis 1, Indiana (Melrose 68-2253) The Kennemat i Compony 
Minneapolis 8, Minnesota (Taylor 2-7949) 





Phoenix. Arizono (Amherst 5.0274) 
Denver, Colorado (Alpine 5.1196) 


Export 
Rocke Internetional Corperetion 
13 East 40th Street 


Shermon Ooks, Colitornio (Stote 8.3781) New Tork 16, New Yors (Murray Hil 9.02005 


FOR MORE INFORMATION CIRCLE 36 ON INQUIRY CARD 


41 

























A FULL LINE OF 


Luster-on 
POWDERS 


FOR CHROMATE 
TREATING 


ZINC 


#50: Bright, clear, lustrous, nickel- 
like, corrosion - resistant; re- 
quires leach. 


#51: Similar to #50, but bluish 
chrome-like color. 
#52: Low-cost, no leach, bright, 
passive. 
CADMIUM 
#50: See under Zinc, above. 
#53: Improved solubility, control, 


safety in handling; requires 
leach. 


COPPER & BRASS 


Cobra: Bright, yellowish, decora- 
tive and/or protective film, 
non-fuming, single dip. 

ALUMINUM 


222M Sealer: Clear or colored film 
for corrosion protec- 


tion and paint bond. 


MAGNESIUM 


MPD 60: Yellowish film for corro- 
sion protection and paint 


base. 


Data Sheets and Prices on Request. 
Send in part for free processing. 


West Coast: Crown Chem. & Engr. 
Los Angeles & San Francisco 


Canadian Licensee: Alloycraft Ltd. 
Montreal 


5 


CORPORATION 


76 WALTHAM AVE., SPRINGFIELD 9, MASS. 


“4 
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COMPONENTS DES! 


MACHINE TOOL 
POSITION CONTROL 


A digital comparator has been de- 
signed to combine digital accuracy with 
conventional analog-servo techniques 
for automatic digital-to-analog position- 
ing of machine tools or other equip- 
ment. It accepts any binary signal, 
compares it with a similarly presented 
feedback signal and produces an error- 
modulated a-c output. 

Engineers at Norden Labs Division, 
Norden-Ketay Corp., Hawthorne, Calif., 
saw the need for a digital sensing 
servo both to complement their analog- 
to-digital converter and to provide 
positioning of machine tools from digi- 
tal data. Total digit handling capacity 
of the comparator was set largely by 
the range and accuracy conditions of 
machine tool positioning requirements. 
Within these parameters the problem 
was to compare two digital numbers, 
arrive at the difference and convert the 
resulting number to analog voltage for 
the purpose of driving the system tc 
null. 

A design objective was extraction of 
the digital difference without using the 
large amount of equipment required to 
mechanize a digital subtractor or with- 
out introducing the problems of 
sampled servo systems using a_ seria! 
subtractor. 

The designers recognized that a pro- 
portional output signal is only re- 
quired in the region of the null. Ac- 
cordingly, they designed a comparator 
that detects when the digital difference 
is outside or inside the null region and 
only subtracts, on a small number of 
bits, when the difference is inside the 
null region. With 
























































Photograph of Norden-Ketay 


modifications, this unit can be made 
to operate on decimal 
data. 

An alternative breadboard design 
was tried and rejected because, al- 
though it used fewer transistors, it de- 
manded high tolerances on_ resistors 
and logical voltages. The design idea 
for this unit was to perform a parallel 
asynchronous digital subtraction and 
detect whether the answer is positive 
or negative as well as whether it is 
outside the null region. If outside, the 
full output signal of the proper polarity 
is provided. If inside, a properly polar- 


binary-coded 


ized proportional output voltage is pro- | 


vided. In its final form this design be- 
came a binary device, but the logic for 
using it for decimal information has 
been developed. 

In the final design. the comparator 
does not limit accuracy but can be 
made to arbitrary accuracy depending 
on the digital input. It has high and 
absolute accuracy over wide input 
range without any problems associated 
with drift of a reference voltage. and 
its frequency response is high enough 
for all reasonable application. Tran- 
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Schematic description of digital comparator operation. 
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packaged , 
digital comparator with cover removed. 
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TABLE POSITIONING T—_fampuirien 
Automatic drilling of printed circuit cards 


from tape-programmed instructions. 


work with standard servo components, 
the comparator is small, light and pack- 
ageable to fullfil aircraft physical and 
environmental specifications. 

The comparator, which can be read- 
ily programmed from — information 
stored on tape or cards, controls to 
one-bit accuracy over the complete 
range—for 19-bit information it con- 
trols to one part in 534,288. It elimi- 
nates drift tendencies of analog servo 
systems, counts numerically and_ pro- 
vides absolute reference. 


Circle No. 91 on Inquiry Card. 





POWER TRANSISTOR TESTER rapidly 
evaluates and tests NPN and PNP power 
transistors at their normal operating pow- 


er. Mode! 102 
for zero emitter current (1...) at base-col. 
lector 


measures collector current 


zero to 75 volts: 
large signal current gain at collector cur- 
rents up to 2.0 amperes. collector voltages 
from 


voltages from 


zero to 28 volts and base currents 


up to 50 milliamperes; smal! signal cur- 
rent gain in the grounded emitter connec- 
tion at any chosen operating point; and 
collector-base breakdown voltage. 
be made 
wide range of operating conditions, with 
minimum heating, and the controls are 
arranged for quick, simple setup. Three 
five-way binding posts permit connecting 
transistors of all types; and adapters can 
be furnished for plug-in connection. 
Strand Engineering Co., Ann Arbor, Mich. 


Measurements may over a 


Circle 155 on Inquiry Card. 
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Marksman tubeless electronic 
potentiometer strip chart RECORDER for 
recording and controlling such vari- 
ables as temperature, speed, 
strain, pH and many others. 


No vacuum tubes. Sensitivity of 5 micro-volts or less. 


Potentiometer for thermocouple (TCB protected) or radiation 
pickup, Wheatstone bridge for resistance pickup. 


Full selection of standard scale, ranges 
chart width. 


... 11” calibrated 





Selector knob changes chart speed . . . 5 speeds per unit 
without gear change. 


Single or multi-record units available. 


Equipped for 115 or 230 volts — no transformers needed. 


1 
A 
: 


Additional features: Automatic standardization . cold 
junction compensation for thermocouple use . . . battery 
condition indicator for potentiometer . . . built-in chart saver 
. .. designed for standard 19” relay rack. 


NOW you can have all 
these practical advantages 
in a single instrument. 
Write for Bulletin M. 





the trend is to WEST a b 


British Plant: WEST INSTRUMENT LTD \ 
52 Regent St., Brighton 1, Sussex 


Represented in Canada by Upton, Bradeen & James 
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MATCHING AMPLIFIER 


Elasco’s Model K Matching Amplifier INPUT IMPEDANCE: 


Resistive: E/R < 150 Microamps 


is a stabilized amplifier with a very 
: OUTPUT IMPEDANCE: 
low internal output impedance, approxi- 1.0 ohm in Se.ies with 15,000 Mfd 


mately 1—j0.2 ohms at 60 cps. It is INPUT VOLTAGE, MIN.: 


1.5 volts rms 


designed to permit the use of accurate 


INPUT VOLTAGE, Max.: 
600 volts rms 


meters on relatively high impedance OUTPUT VOLTAGE, MAX:: 
circuits. The Model K Matching Ampli- 150 volts rms 
fier will develop full output of 150 volts FREQUENCY RESPONSE: 


0.15%—20-2000 cps 
rms across a 2000 ohm load at fre- 2.0%—3-15,000 cps 


low-sensitivity voltmeters and watt- 


quencies from 20 cps to 2000 cps. SEND FOR CATALOGUE 


ELECTRONIC ASSEMBLY COMPANY, INC. 


Five Prescott Street °* Roxbury 19, Mass. 
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COSMO oe 


NYLON 
BOBBINS 


e@ Strength in thin sections virtually 
eliminates breakage of coil forms 
during coil winding operation. 
High Dielectric Strength >N 
Resistance to heat and deformation > 
Toughness 


conics" igyour SPECIF 


... These properties in Cosmo Nylon j 
Bobbins will end your search for a 
new way to simplify design and 
reduce your coil production costs. 
The new and modern plant is equipped 
with manufacturing facilities and 
engineering know-how to accurately 
produce nylon bobbins that will meet 
your most exacting requirements. 
Send in your specs or write for data 
brochure and samples. 


/ 


al . <j 
SALES DIVISION OFFICES 


Arizona, Missouri, Illinois, Michigan, Ohio, New Jersey, Connecticut, Massachusetts, Canada 


















Spacers For Hot Relays 


Use of a heat resistant laminate for 
relay spacer blocks has increased the} 
operating temperature range of minia- 
ture relays and improved production 
methods. The laminate, designated as 
Phenolite G-7-830, is being used by 
Globe Electrical Manufacturing Co., 
Gardena, Cal., in their miniature, high- 
sensitivity sealed relays. This pheno- + 
lite is a glass-base, silicone resin lami- 
nate specially developed for high 
temperature electrical applications. It 
has a heat resistance rating of 500°F 
(short time) and 400°F (continuous) 
—66 per cent and 60 per cent higher, 
respectively, than similar values for 
conventional paper-base laminates. Di- 
electric strength perpendicular to lami-! 
nations is 400 volts/mil (short time)| 
for 1/16 inch thicknesses and 350} 
volts/mil (short time) for % inch thick- 
ness. These properties in spacers per! 
mit relay operation at proportionately | 
higher temperatures. Hermetic sealing 
of relays is facilitated by the extremely ; 
low volatility of the laminate spacers, | 
since higher vacuums and temperatures | 
can be applied without danger of gas- 
sing. The ability of the spacers to with- 
stand higher temperatures makes pos- 
sible a 30 to 50 per cent increase in coil 
ampere turns which provides greater 
sensitivity than conventional _ relays 
without appreciably increasing _ their 
size. Good punching qualities of the 
laminate have resulted in faster pro- 
duction. National Vulcanized Fibre Co., 
Wilmington 99, Delaware. 

Circle No. 192 on Inquiry Card. j 





WORTH FILING 


Primary Batteries 


Bulletin on “Yardney SILVER: 
CEL Automatically-Activated Primary 
Batteries” covers electrical character- 
istics (open circuit voltage, nominal 
output, maximum allowable discharge 
rate and minimum recommended dis- 





Oper 
WIT 
for a 
instru 
durin 
No St 


Furni 


charge rate), physical characteristics! but U] 


(weight and volume), typical applica- 
tion (discharge rate, voltage and power) 
and special features. Diagrams. i 
Source: Yardney Electric Corp., New York, N. Y. 


CIRCLE 41 ON INQUIRY CARD For your copy: Circle No. 171 on Inquiry Card CC-68 
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Head of Horizons Incor- 
porated’s Chemistry De- 
partment. 





THE CHEMISTRY OF COMPONENTS 


RARE EARTH SEMICONDUCTORS 


Regardless of the type of semiconductor considered (re- 
duction or normal), conductivity must depend largely 
upon the lattice symmetry and structure of the component 
crystalline phases. Periodic Group IV semiconductors (car- 
bon, silicon, germanium and tin) each have the diamond- 


type lattice, the four nearest neighbors of a given atofn * 


lying at the corners of a regular tetrahedron, the neighbor- 
atom bonding being homopolar. By analogy the rare-earth 
metaloids may be presumed to have semi-conducting prop- 
erties of some significance. 

Studies on the semiconducting properties of elements 
other than those of group IV may be developed on the 
theory of “balance”: that is, the properties of Group IV 
elements should be iterated by mixtures of Groups III and 
V, II and VI, ete. Crystallographically, lattice structure 
variations are also slight; thus, AIP, GaAs. InSb have the 
zincblende structure which is very close to the diamond 
structure—if the two types of atom were identical the dia- 
mond structure would be obtained. Further we find that 
Group IIIa elements with Group Vb elements (LnN, LnP, 
LnAs, ete.) have all the sodium chloride structure with 
four molecules in the unit cube—an even more fundamental 
lattice than that adopted by diamond and similar to the 
tetrahedral ZnS structure, also found in the interesting IV- 
VI Group compounds. 

Since the sodium chloride structure of cubic symmetry 
is one of the most stable crystal forms known, it is ex- 
pected that rare-earth metalloid systems adopting this struc- 
ture will be both thermally and mechanically very stable. 
Intermetallic combinations giving cubic lattices are known 
to have higher critical homologous temperatures. We can 
therefore expect systems of rare-earth metals-metalloids to 
be of good thermal and mechanical stability. The varying 
atomic radii of the rare-earth metals should induce a se- 
quential variation in these physical properties and a simi- 
lar variation in the binding energies of the compounds 
formed. Higher binding energies, melting points and, con- 
sequently, stabilities should increase through the rare 
earths series. 

Some correlation has been made between ionic radii, 
hetero/homopolar bonding and semiconduction properties, 
but the dearth of such data for rare-earth compounds 
militates against such a preliminary correlation. We can, 
however, draw some conclusions on the basis of melting 
points. Because of strong resonance, melting points of com- 
pounds are higher than those of corresponding elements. 
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. by ensuring the escape of the product gas, and therein 


ee . , ; ; 
Similarly, the widths of forbidden zones are greater than 
in corresponding elements; since the ionic portion of the 
bonding increases in the transition from an element to ay 


compound, the breadth of the forbidden zone must vary? 


through the rare earths series. q 

However, in rare-earth sequences factors other than sim- 
ple atomic radii and electron shell filling play important 
parts. By nature of these minor variants, anomalies are 
introduced immediately on consideration of the Hall ef- 
fect in rare-earth metals. Thus cerium, praseodymium, and 
neodymium show positive Hall effects (+1.81, +0.709, 
+0.971, x 10-!* volt-cm/amp oersted); dyprosium is tem- 
perature variant; and yttrium, lanthanum, gadolinium, and 
erbium have negative coefficients (—0.77, —0.8, —0.95, 
—.341, x 10-!* volt-cm/amp oersted). 

It has been suggested that a two-band theory is neces- 
sary for elucidation of rare-earth metal conductivity, con- 
duction being by electrons in the 5d band and holes in 
the 6s band, with three electrons available for distribution 
—the 4f band contributing nothing. In the case of “con- 
densed” cerium the assumption was made that four 
electrons were available because the 4f electron moved to 
the 5d and 6s bands. We can expect similar migration in 
terbium, samarium, europium, and ytterbium metals. By 
comparison, some dependence must be placed upon the 
4f shell, since lanthanum—with no 4f electron—is the only 
superconductor in the rare-earth metal series. 


—~ 
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POWER SOURCES: A NEW APPROACH 


Without the help of radiation, visible or otherwise, elec- 
trons can be transferred in chemical reactions only from | 
molecular species with the higher, to those with the lower, 
reduction potentials. In photo-synthesis, however, elec- 
trons are raised by the action of light from molecules with 
a reduction potential of —0.8 volt to molecules with a 
potential of +0.4 volt. A somewhat wider range of param- 
eters obtains under y radiation; but the problem gener- 
ally lies, however, not so much in raising electrons to a 
higher potential as in keeping them there—that is, of course, 
most readily effected by removal of one of the reaction 
products from the system. One way this can be effected is 


— 


A 


lies one of the approaches to use of solar energy—photo- 
decomposition of water to hydrogen and oxygen, followed 
by their subsequent exothermic recombination to yield 
water and usable energy. This reaction can also be ap- 
plied to systems under a neutron, y, or X-ray flux, with | 
similar development as a means of energy conversion. 

This gaseous-decomposition approach has recently been 
studied in systems of cerium perchlorates in dilute aque- 
ous perchloric acid with the probable over-all reactions: 


Ce*+ + (1/2) H,O + Light > Ce*+ + (1/4) O, + Ht 
Ce*+ + H,O + Light > Ce*+ + (1/2) H, + OH— 
H+ + OH- > H.O 
or 
+ H,O > 2,Ce#+ + 2.Ce*+ + H, 


4. (1/2) O,, 


2,Ce*+ + 2,Ce*+ 


the quantum efficiency of the reactions involved being in- 
dependent of the light intensity but dependent upon the | 
concentration of cerium ions. 

Most of the work in this area has been carried out us- | 
ing ultraviolet light having a wavelength of 2537 Angstrom | 
units, which is beyond the limit of the solar spectrum as | 
it reaches the earth’s surface. Some work has shown that | 
reduction processes may be effected by several weeks’ ex- 
posure to sunlight, but it is quite clear that quantum ef- 
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ficiencies of the system as now studied are too low for 
economic operation. Decomposition of water also occurs 
under + radiation, and this is similarly catalyzed by cer- 
jum ions. It is logical to expect that, in applying y radia- 
tion, the quantum efficiency of the reaction will be much 
higher. In general, what is to be sought is a photo-excited 
oxidation-reduction reaction of higher potential. This may 
be found in cerium-arsenic systems. 

Cerium was, for a while, employed as a decolorizing 
agent for iron in glasses until it was found that, in the pres- 
ence of arsenic, the cerium-decolorized glasses were rap- 
idly “solarizable’—became discolored upon exposure to 
light. This discoloration disappeared if the glass were re- 
moved from light and stored in the dark. 


Disregarding initially the influence of iron, we can vis- 
ualize the reactions: 


2 Ce*+ + As*+ + (1/4) SiO, + Light = 2 Cet+ + As?+ 
+ (1/4) O. + (1/4) Sit+, 


the ceric ion produced probably being colored and the lib- 
erated oxygen reacting with colorless ferrous ions to give 
ferric ions which were also colored. 


Since in glasses the gaseous product, oxygen, cannot 
escape, reversal of the reaction is inevitable. If, however, 
we consider the same reaction in aqueous media: 


2 Ce3+ + As®+ + (1/2) H,O + Light > 2 Ce*+ + As?* 

+ (1/4) O, + Ht 

2 Cet+ + As?+ + H,O+ Light > 2 Ce*+ + As** 
+ (1/2) H. + OH- 

OH- + H> H,O 


High quantum efficiencies are to be expected of such a 
system, which would appear eminently suited for study 
as a potential medium for radiation energy utilization. 

Carrying this concept a stage further, it is possible to 
visualize direct application of this solarization effect in 
solid systems via the development of an oxidation-reduc- 
tion couple in the glass system, with photochemical pro- 
duction of electrical energy. Thus, assuming the produc- 
tion of metallic arsenic, as indicated above, to be valid, a 
couple could then be set up as shown: 


rT % 


To energy storage 


Light 





As—Ce glass 
As glass 











As — AsO, Couple 


Theoretically such a couple should provide an emf on 
solarization of about 0.6 volt. Providing an adequate medi- 
um of contact could be devised, herein lies a potential 
method for the direct conversion of light to electrical en- 
ergy similar to that using selenium photocells. 


In his next column Dr. Vickery will report on potential 
and soon-to-come rare-earth applications in piezoelectric 
crystals and thermionics. 
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MEDICAL ENGINEERING 


Color TV in the Bio-Lab 


Colored television has been adapted to 
portray “electronically stained,” colored 
pictures of transparent living cells and 
other specimens. Many constituents of 
living cells, although practically trans- 
parent to visible light, have strong 
characteristic absorptions in the ultra- 
violet. The Television Color Translat- 
ing Microscope projects three separate 
and successive pulsed light sources 
selected for high emission in specified 
wavelength ranges and further nar- 
rowed by monochromators through a 
specimen and microscope into the 
orthicon of an ultraviolet-sensitive tele- 
vision camera. It translates differences 
in absorption in separate ultraviolet 
spectral ranges into selected colors in 
the observed picture. Any primary 
color may be correlated with any wave- 
length in the ultraviolet. Figs. 1 and 2 
illustrate the principles involved. 

Frequently, detection of a particu- 
lar substance with a characteristic 
transmission or. absorption in the ultra- 
violet is of primary interest. This may 
be aided materially by slow periodic 
interruption of the corresponding 
source of illumination on the color 
channel. The presence of flicker then 
supports detection on the basis of color 
alone. 
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Fig. 2—Diagram of illuminating system. The source is imaged by a quartz lens on the 
entrance slit of the monochromator which narrows the wave band by means of an ad- 
justable grating. Radiation from the exit slit is directed onto the center of rotation 
of a 45 degree mirror which reflects it up into the microscope substage. 


V. K. Zworykin of Radio Corpora- 
tion of America and Rockefeller Insti- 
tute for Medical Research states: “The 
Television Color’ Translating Méicro- 
scope makes it possible to examine un- 

















CAMERA s <r mi . 
stained living material in the ultra- 
violet with the same ease and discrimi- 
nation of detail which, in the visible, 
LIGHT Pea is achieved by the use of specific stains 
source -=——__ 7 and fixation, which generally result in 
. 
[ 
& { \ 
POWER VIDEO \ ] 
SUPPLY aoe \ Py 
CAMERA TRICOLOR 
| j CONTROL er ae | 
= 
KEYING PULSES ——> 
Fig. 1—General block diagram of tele- selected ultraviolet wavelengths falls on 


vision color translating microscope. Micro- 
scope with reflective condenser and ob- 
jective projects the image on the photo- 
sensitive target of a television camera 
whose video signal is used for the repro- 
duction of an image of the specimen on 
the screen of a color television receiver. 
Illumination is provided by one or several 
pulsed light sources and monochromators 
so arranged that radiation of the three 
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the specimen at successive pulses. The 
pulse source also controls vertical deflec- 
tion in the camera and receiver in such 
fashion that pulses of illumination occur 
during vertical flyback time. Picture signal 
stored by a radiation pulse of a particular 
ultraviolet wavelength is used for generat- 
ing a component picture of the corre- 
sponding color in the succeeding frame 
period. 


the death of the cells. It should prove 
not only a powerful tool in the study of 
vital processes in normal and abnormal 
cells and tissues, but may also become 
a valuable aid in diagnosis.” 

As background for this development, 
E. N. Brumberg suggested photograph- 
ing specimens when illuminated, in 
succession, with radiation of three dif- 
ferent ultraviolet wavelength ranges 
and using the three as separation neg- 
atives for preparing a color print. 
Photographic color translation mirco- 
scopes based on this principle and 
using high-speed processing techniques 
have been built by E. H. Land and, 
more recently, by H. P. Hovnanian and 
R. B. Holt. In these instruments the 
final color picture is viewed on a 
screen, on which red, green, and blue 
images of the three separation nega- 
tives are projected in superposition. 

In the first television color translating 
microscope, constructed several years 
ago at the RCA Laboratories in Prince- 
ton, a single pulsed light source and 
monochromator was used in conjunc- 
tion with a standard industrial tele- 
vision camera provided with an ex- 
perimental ultraviolet-sensitive vidicon. 
Fig. 4 shows the operation. 
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T 7 RECEIVER Fig. 3—Block diagram for color transla- 
A a ting microscope at Rockefeller Institute. 
CAMERA Amplified vertical pulses from the syn- 






chronizing generator of the television sys- 
tem are applied, through contact brushes 
on slip rings attached to the mirror stage, 
ee ie to the three thyratron circuits feeding 
the light sources in succession, triggering 
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Pulsed |. au.s ' a light flash at the instant when the prin- 
SOURCE “2 ? LP ' cipal ray from the monochromator and 
MATOR - = the normal to the rotating mirror sur- 
> oe face lie in a common vertical plane. Syn- 
MIRROR chronism between the mirror rotation and 
GRATING MOUNTING the synchronizing generator is assured by 
oon the fact that a 60-cycle wave derived from 
7. a the commutator controls the phase of the 
a synchronizing generator. Synchronizing sig- 
Co nal is generated from the output of the 
commutator and serves, at the same time, 
PULSED to pulse the several light sources and to 
SOURCE “3 —{Lr}— gate, by means of a multivibrator circuit, 
the corresponding guns of the color kine- 
Lanne CLIPPER - scope. 
) 
LAMP 
a 
While the principle of color trans- VIDICON 
lation could be readily demonstrated 
with this instrument, it had some short- 
comings. Every change in wavelength 
) required a new sector mirror. The lag 
son the | of the experimental vidicon caused sig- 
f on ad- nal carry-over from one frame to the 
rotation ° oa a , . 
next, making it impossible to obtain 
' highly saturated colors. The variation 





| in the angle of incidence of the illumi- 

nation with wavelength made it dif- 

1 prove ; ficult to achieve color balance over 
tudy of | the entire field. These shortcomings ecauenaatenll 


normal have been overcome in this: latest de- H 
become _ sign. 
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ents the on three separate oscilloscope screens. Fig. 4—Wavelength selection in single-source color translating microscope. A simple me- 
J on a_ In order to render this technique truly chanical system was used to select in turn radiation of three different wavelength 
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SYSTEMS DESIGN 


COMPUTER MEMORY 


How to Store More Bits on a Drum 


A major limiting factor to applications 
of electronic computers in business and 
science is the need for faster random 
access to large volumes of information 
at low storage cost. Engineers at Lab- 
oratory for Electronics, Inc., Boston, 
Mass., under the direction of Dr. Har- 
rison Fuller, have developed a data 
storage unit which they believe fully 
satisfies this need. Any number of these 
units, with a capacity of 15 million 
binary bits each, can be connected to 
form a data file having an average ran- 
dom access time of 180 milliseconds for 
any information in any part of the file. 

“Recognition of this need,” said 
Sidney Woodsum of the LFE Applied 
Physics Group in discusssing the back- 
ground for the development, “origin- 
ated out of basic studies:and research 
in the field of digital computing. When 
we launched the development program 
for a fast, 1000 bit per inch drum sever- 
al years ago, it seemed to many that we 
were reaching for the moon.” 

Analysis of the problem and a survey 
of the possible means for its solution 
led rather easily to a clear statement 
of the design objective. The reason- 
ing was straight-forward: 

e Punch-card storage was unacceptable 
because it was inherently too 
e Magnetic tape mechanisms could not 
be considered because they were by 
nature not random devices 

e A multiple-head magnetic drum met 
the speed and random access require- 
ments and had no necessary limitation 
on capacity or low cost. The problem 
therefore became one of increasing the 
storage capacity of a magnetic drum at 
low cost. The simple answer of using 
more and bigger drums would not ful- 
fill the low cost requirement. Boiled 
down, then, the problem was “How to 
get more, accessible bits on a drum.” 


slow 


DESIGN REQUIREMENTS 


The basic ingredients in magnetic stor- 
age are a magnetic storage medium, 
a recording head, which is nothing but 
an electromagnet with a small air gap 
in its core adjacent to the magnetic 
medium, and some arrangement for 
moving the magnetic medium with 
respect to the head. For a given rate 
of travel of the magnetic medium, the 
higher the frequency of the recording, 
the shorter the wave length, and the 
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Fig. 1—Photograph illustrating technique of optically scanning the polished surface 
of the magnetic medium on the drum to detect any loosening of the bond, or other flaws. 
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head mount. 


View from above 


Exploded view of 
head and 
Fig. 2b 
dual recording head show: 
ing at center 
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position 
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the drum. The “tail” at 
left is used as a_ linkage 
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operation. 
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more bits per inch. Since fast access | 


time required fast drum speed, high 
frequency recording was a design re- 
quirement. 

During recording the magnetic flux 
spreads in the medium beyond the area 
directly beneath the head gap. At high 
bit packing densities, this spreading 
flux influences adjacent recordings and 
makes it difficult for the head to resolve 
discrete bits upon playback. According- 
ly, maximum resolution of magnetic re- 
cording was a design requirement. 

At the very outset of the develop- 
ment, the goal for storage density was 
1000 bits per inch and the goal for 
average access time was better than 
0.2 second. A 15-inch diameter, 14- 
inch-long aluminum drum _ cylinder 
available from a previous development 
was found to be well suited to the new 
design. Juggling the various param- 
eters for the system using this drum, 
the designers established that a drum 
surface. speed of 150 inches per second 
and a computer clock rate of 150 kilo- 
cycles Would meet the requirements. 
The simple rim drive used in the earlier 
drum application was replaced with 
a timing belt drive powered by a hys- 
teresis damped synchronous motor. 

Performance of the final design even- 
tually increased to a storage density of 
1040 bits-per-inch and an = average 
access time of 0.18 second. 


RESOLUTION 


Three factors directly influence reso- 
lution of a magnetic recording: 
e Magnetic medium. For short wave- 
length recordings, storage density of 
a magnetic medium increases as the 
ratio of coercivity H., to saturation 
induction, B,. 
e Recording head. To minimize spread- 
ing of flux in a magnetic medium, re- 
cording head-gap length must be small 
compared to the shortest wavelength 
being recorded 
e Head to medium separation. The 
spreading of the flux developed across 
the head gap increases with distance 
trom the gap. The closer the head is 
to the medium, the more confined is 
the recording field 

As Mr. Woodsum said, “Optimizing 
these three parameters to obtain high 
bit packing densities was an interesting 
problem in electromechanical design.” 
It can be seen that magnetic heads with 
small gaps riding directly in contact 
with a high coercive force medium 
would provide a system with the great- 
est possible pulse packing density. 


MAGNETIC MEDIUM 


Search for a_ suitable magnetic 


medium was a major problem in the | 
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MINIATURE MAGNETIC CLUTCHES 


at 1/1oth the usual cost ! 


Now . . . design single and multiple clutching into your 
electronic equipment at low cost. The HYCOR line of 
miniature magnetic clutches is designed around a common 
clutch body assembly, keeping unit costs low and perform- 
ance standards high. 


Only 2 watts of power develops up to 15 oz. in. of torque 
with a response time of 5 milliseconds. Zero clutch slip 
within rated operating conditions. No maintenance—only 
2 moving parts. Ideally compact. 


Nine precision-manufactured single and multi-turn models 
for gear, cable and direct-in-line drives. Also available in 
multi-shaft drive units. 


Write for Bulletin C-2 .. . or for special design help from a 
HYCOR systems engineer. 





INTERNATIONAL RESISTANCE COMPANY 


HYCOR DIVISION 
12970 Bradley Ave., Sylmar, California 








FOR MORE INFORMATION CIRCLE 45 ON INQUIRY CARD 


51 














52 


[!bsiloy 
SILVER-TUNGSTEN 
CONTACTS 


measure up to the job 





© FOR CIRCUIT BREAKERS 


The rigid requirements of circuit 
breakers — compact design, low 
temperature rise, high interrupt- 
ing capacity — demand Gibsiloy 
silver-tungsten electrical contacts. 


RIGHT PROPERTIES 


These Gibsiloys have low contact 
resistance, high current-interrupt- 
ing capacity, non-welding and 
other properties which mean 
trouble-free breaker operation, 


FLEXIBILITY 


Gibson’s large range of silver- 
tungsten metal combinations and 
forms—plus our engineering skill 
in adapting the right contact to 
your product—<can be a vital asset 
to you. 


SERVICE 


Contacts are our business. Our 
round-the-clock production de- 
voted to this one field means quick 
delivery of quality contacts. Let us 
know your needs. 


e 7 
[; ibsilo y 
ELECTRICAL CONTACTS 


Miiindacdsrcd Gy 
Gipson Etectric COMPANY 
Box 654, Delmont, Pa. 
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HEAD MOUNT ASSEMBLY 
, BEING PREALIGNED 


MIRROR SURFACE 
WITH VERTICAL 
y REFERENCE LINES 


DOWEL-PIN 
REFERENCE HOLE 


HEAD MOUNT BAR WITH 
m\ HEAD MOUNTS ASSEMBLED 


Fig. 3—Photograph illustrating technique 
of prealigning head mounts on_ head 
mounting bar. The head mounts are op- 
tically prealigned in a precision fixture 


early phases of the project. Conven- 
tional oxide coatings or thin electro- 
plated magnetic coatings such as cobalt 
nickel were unsatisfactory if the heads 
were to be operated directly in contact. 
In addition, the coercive force of cobalt 
nickel was too low to provide resolution 
tor short wave recordings. Rubber belts 
containing a high coercive force mag- 
netic dispersion and a wax lubricant 
were used on the first drums. Successful 
recordings were made with up to 800 
bits an inch using this medium but the 
mechanical instability of the rubber 
and its tendency to “washboard” re- 
moved it from serious consideration. 

A radically new approach was 
needed to achieve the goal of over 
1000 bits per inch. A survey of mate- 
rials for the application resulted in the 
choice of Cunife wire, a permanent 
magnet ductile alloy of copper, nickel 
and iron. It met the magnetic require- 
ments having a coercivity of 500 oer- 
steds and a residual induction of 5400 
gauss. Its physical hardness—Rockwell 
B-73 and tensile strength of 120 pounds 
per squ-‘e inch—made it suitable to 
withstxnd wear from heads run in con- 
tact. 

High coercivity of Cunife is achieved 
through cold reduction. As a result it 
is useful only in strip or wire form. 
The problem was, then, to obtain a 





so: that the relative positions of the pivots 
and a dowel pin locating hole are the | 
same on each assembly. 


Eh IR TEN 


continuous cylindrical surface using 
wire. i 

According to Robert Pearson, in re- | 
calling some of the mechanical difficul- | 
ties in design of the magnetic medium, 
three years were required to solve all 
of the aspects of this problem. The only 
Cunife wire available originally was cir- 
cular in cross section. It was wound 
under tension on the drum cylinder 
and then ground to half its diameter. 
Internal stresses of the wire caused an 
occasional turn to rotate axially. Result- 
ant lifting of the wire edge, although, 
only a few millionths of an inch, caused 
very rapid destruction of the head op- 
erating on that track. This. problem 
was solved by bonding the wire to the 
drum cylinder. 

Search for a suitable bonding agent ’ 
was successful at about the time the. 
wire manufacturer was persuaded to 
develop a die for drawing rectangular 
cross section wire. A technique of roll- 
ing and slitting the Cunife material to 
obtain a rectangular cross section had 
been considered but rejected because 
Cunife fabricated that way did not 
have the high coercivity required. Even | 


. a 
though rectangular wire was used, the 


bonding technique was retained to in- 
sure no movement of the wire. 

Spring loaded recording heads riding 
directly in contact with the drum sur- 
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SYSTEMS DESIGN 


face eliminated the difficulty of main- 
taining drum concentricity within any 
strict limits. The problem of drum sur- 
face finish however turned out to be 
imposing. Even with most careful 
winding, burrs arose at the wire edges 
causing excessive head wear. Boundary 
lubrication of the recording heads by 
means of a thin film of oil on the 
drum surface did not overcome this 
wear sufficiently. Parallel programs to 
improve drum surface finish and lubri- 
cation techniques resulted in use of op- 
tical lapping and hydrodynamic lubri- 
cation. Optical lapping now produces 
a drum surface with better than one 
microinch-rms finish and no burrs at 
the wire edges (Fig. 1). Hydrodynamic 
lubrication is discussed later as_ the 
method used to maintain separation be- 
tween the recording head and the mag- 
netic medium. 


MAGNETIC HEAD 


Conventional magnetic recording 
heads with metallic laminated pole 
pieces, such as Molybdenum permaloy, 
could not be used in a high density 
storage system for a number of reasons. 
Losses in metallic heads are large at 
a frequency of 100 kilocycles. In addi- 





Fig. 4—Photograph illustrating shado- 
graph technique of preadjusting pressure 
of pivots on recording heads. A head 
mounting bar with head mounts assem- 
bled and prealigned is shown being ad- 
justed. The pivot-mount springs in the 
head mounts are loaded and adjusted to 
have the same deflection they would 
have under operating conditions, thus as- 
suring each head will be under the same 
prescribed pressure. This prealignment 
technique makes it possible to substitute 
any head mounting assembly for any 
other with no change in performance of 
the system. 
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” Other Potter products 
equipment include Transistorized Fre- 
quency Time Counters, 
for Magnetic Tape Handlers, 
Perforated Tape Readers, 
2 . High Speed Printers, Rec- 
digital ord-Playback Amplifiers and 
Record-Playback Heads. 

computers WRITE, WIRE OR PHONE 


FOR SPECIFICATIONS ON THE 
MODEL 906 
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STONITE CUSTOM-MADE COILS 
COVER THE WIDEST SIZE RANGE 
— FROM THE TENTH OF 
A POUND TO A TON! 


Here are two examples of this 
cycle, illustrating Stonite’s versatil- 
ity and manufacturing know-how. 


Proven high-quality manufacturing 
materials, outstanding service fa- 
cilities and prompt deliveries are 
of equal importance in Stonite’s 
picture. For coils, mite to man size, 
you can depend on Stonite. 


Write today, describing your re- 
quirement or request that a sales 
engineer call. 


PAPER SECTIONS ¢« FORM WOUND 
LAYER WOUND e BOBBIN WOUND 
PRECISION WINDING 
HIGH TEMPERATURE COILS 
COPPER AND ALUMINUM CONDUCTORS 


Stonite COIL CORP. 


Route +25, Yardville New Jersey 












JIUniper 7-7323 | 
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tion, even with direct contact between 
the heads and magnetic medium, etfec- 
tive separation exists partly as a result 
of finite surface roughness of the me- 
dium and to a greater extent because 
of a layer of material with low per- 
meability at the surface of the head 
itself. This layer results not only from 
grinding the pole piece during fabrica- 
tion but also from cold working as the 
head rides in contact with the drum. 
A magnetic head with ferrite pole 
pieces was the alternative; but such 
heads with small well-defined gaps 
were unavailable commercially. A pro- 
gram to develop heads with ferrite pole 
pieces was therefore necessary. 
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UNIT HEAD 
MOUNT 


| HEAD 


MOUNTING 


BAR 








DOWEL 
PIN HOLE 


Fig. 5 high density file 


drum with oi!-tight aluminum housing re- 


Photograph of 


moved to show mounting of magnetic 
heads. Each head pair is positioned and 
held againsi the drum by a spring loaded 
pivot pres:ing into a sapphire cup jewel 
near the center of the head package. The 
double heads mounted in 
20 in each of eight windows in the drum 
cage. The pivots for each row are at the 


ends of parallel head-mount arms extend- 


are 





rows of 


The one-mil wave-length specifica- * 


tion required that the recording head 
gap be approximately 300 microinches. 
The rough finish on the mating surfaces 
of stock ferrite pole pieces made de- 
pendable gaps of that magnitude im- 
possible. Here again optical lapping 
techniques and rather elaborate hold- 
ing fixtures made possible highly pol- 
ished pole-piece faces, coplanar to 
within one wavelength of helium light. 
A Beryllium copper spacer 250 + 10 
microinches thick is used in the gap. 

The first head packages used on 
carly experimental drums were % inch 


thick and approximately % inch square. 


They were positioned and held against | 
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# 
DOWEL 
PIN HOLE 
ing from a head mounting bar at one 
side of the window. Position of the mount 
ing bar at the side of each window is 


determined by an accurately indexed dow: 
el pin in the drum cage. The dowel pins 
are so located from window to window 
that each head pair is on different tracks 


from those of all the others. The result 


ing twenty pairs of ‘tracks in each of 
eight windows make 320 separate tracks 


separated 9.040 inches center-to-center. 
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AL DESIGN 


the drum surface by a double-spring 
head mounting device. 

“After the development of hydro- 
dynamic lubrication,” said William Gor- 
man, in discussing the problems in de- 
signing the heads, “an entirely new 
concept in head mounting was pos- 
sible.” The new heads were assembled 
in pairs and encapsulated in a magne- 
sium casting. They were designed so 
that each head pair is positioned and 
held against the drum by a spring 
loaded _ steel pivot pressing into a 
sapphire cup jewel located near the 
center of the head package (Fig. 2). 

Optical lapping again was used to 
make the two operating faces that ride 
on the drum coplanar to one wave- 
length of helium light. Each head face 
was made 0.030 inch wide by 0.200 
inch long with the gap at the center. 
Accurate machining of these castings 
and special holding tools and fixtures 
for positioning the ferrite and coil bob- 
bin subassemblies made production line 
assembly of the heads possible. Another 
special fixture was used to accurately 
position the cup jewel in a pocket in 
the head casting. The jewel was then 
secured with a metal filled epoxy ce- 
ment. 

The close tolerances held through- 
out this head assembly together with 
careful prealigning of the head mount 
pivots (Figs. 3 and 4) make it possible 
to replace any head on a drum by any 
standard head out of stock without ad- 
justment and without loss of informa- 
tion on the tracks involved. According 
to Stanley Cheney who worked on pro- 
duction design of the heads, “The entire 
operation of replacing a head can be 
completed in about three minutes.” 


HEAD TO MEDIUM SEPARATION 


Early experimental equipment in which 
the head operated directly in contact 
with the drum had indicated that ex- 
cessive wear of the heads and _ the 
medium would make this arrangement 
impractical. On the other hand, head- 
to-drum separations that are small com- 
pared with the shortest wavelength to 
be recorded are important in any mag- 
netic recording system. The 
wavelength of the high-density file 
drum made it necessary to obtain a 
minimum separation in the order of 
200 microinches. For a 15-inch diame- 
ter drum, problems of mechanical sta- 
bilities and tolerances made it virtually 
impossible to consider fixed out-of-con- 
tact head mounting devices. A system 
of hydrodynamic lubrication of the 
magnetic heads, developed at the Lab- 
oratory for Electronics, provided the 
small separation required and made it 
independent of long term mechanical 
instabilities such as are produced by 


one-mil 
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aging of castings or fatigue in other 
metal parts. Controlling the tempera- 
ture of the lubricating oil made the 
separation independent also of wide 
ambient temperature variations. 

Head lubricating oil is sprayed con- 
tinuously onto the surface of the ver- 
tically mounted drum. It flows down 
and off the bottom edge into a sump 
from which it is pumped through two 
filters and back to the spray discharge 


pipe. Interlocking valves prevent the 
drum from turning without suitable 
head lubrication. In operation the 


heads ride on a film of oil at a separa- 
tion from the drum surface of 180 
microinches. The method of mounting 
the heads using a single pivot allows 
the head faces to automatically align 
themselves with gaps of minimum sepa- 
ration (Fig. 5). The head pair is pre- 
vented from rotating around the axis 
of the pivot by the use of a “tail” that 
extends back from the head and en- 
gages a slot in the head mount (Fig. 
2). The double track design prevents 
rolling and the spring loaded head 
mount prevents pitching. 

The drum unit is totally enclosed in 
«a rigid air- and oil-tight aluminum 
housing and mounted on a cast alumi- 
num base. Direct connections for all 
recording heads are brought through 
hermetically sealed terminals in head- 
ers in the base casting. 

The HD File Drum cabinet contains 
a final write amplifier and a read-out 
preamplifier. The output transformer 
of the write amplifier and the input 
transformer to the preamplifier are con- 
nected simultaneously to a_ selected 
head so that no delay is 
in going from a reading to a writing 
operation. 

The write amplifier consists of two 
strings of four parallel current. stabi- 
lized output tubes. Writing waveform 
is double-pulse-return-to-zero. The pre- 
amplifier is a linear feedback pair with 
a cathode follower output and a closed 
loop gain of 300. The input  trans- 
former provides a step-up of 10 to 1, 
thus delivering approximately 30 milli- 
volts to the first amplier tube. 


introduced 


SYSTEM APPLICATION 


Initial design application called for 
double - pulse -return-to-zero recording; 
self-clocked, asynchronous read-out; an 
eight-bit alphanumeric code; and vari- 
able block length. “These requirements 
depend largely on system = specifica- 
tions,” said Murray Hale, in discussing 
the electronics of the drum application. 
“The basic drum unit may be used with 
a variety of code and block structures 
and alternative writing and reading 
methods over a wide range of pulse 
packing densities.” 
Circle No. 93 on Inquiry Card. 

















Interelectronics Inter- 
verter solid-state thyra- 
tron-like elements and 
magnetic components 
convert DC to any num- 
ber of voltage regulated 
er controlled frequency 
AC or filtered DC outputs 
from 1 to 1800 watts. 





Light weight, compact, 
90% or better conversion 
efficiency. 


Ultra-reliable in opera- 
tion, no moving parts, 
unharmed by shorting 
output or reversing input 
polarity. Complies with 
MIL specs for shock, ac- 
celeration, vibration, tem- 
perature, RF noise. 

Now in use in major 
missiles, powering tele- 
metering transmitters, ra- 
dar beacons, electronic 
equipment. Single and 
polyphase AC output 
units now power airborne 
and marine missile gyros, 
synchros, servos, mag- 
netic amplifiers. 

Interelectronics — first 
and most experienced in 
the DC input solid-state 
power supply field, pro- 
duces its own solid-state 
gating elements, all mag- 
netic components, has the 
most complete facilities 
and know-how—has de- 
signed and delivered 
more working KVA than 
any other firm! 

For complete engineer- 
ing data write Interelec- 
tronics today, or call 
LUdlow 4-6200 in N. Y. 


INTERELECTRONICS 
CORPORATION 


2432 GR. CONCOURSE, N. Y. 58, N.Y. 
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CHARACTER 
LATCH -—- 


COMMUNICATIONS ENGINEERING 


Message Compression 
for Telephones 


Business information ranging from 
relatively slow typewritten messages to 
that from fast automatic data proc- 
essors can now be sent over the ordi- 
nary voice-band of a telephone at a 
rate approximating 750 words per 
minute. 

In an experimental data transmis- 
sion system, made by Bell Telephone 
Labs., magnetic tape is used to store 
information from .a typewriter as a 
means of using telephone transmission 
lines at signaling speeds determined 
by the transmission capabilities of the 
lines. 

“Data subsets,” with automatic 
checking and control features to elimi- 
nate transmission errors, feed typewrit- 
ten information into the telephone line 
at one station and take it out from the 
line at another. At the receiving end 
the information is transcribed at nor- 
mal rates on a regular, electric busi- 
ness typewriter which has been modi- 
fied to react to the incoming data. The 
information is sent in blocks of data 
equal to one typewritten line. How- 
ever, any normal business machine 
could be used and any block lengths 
established (Fig. 3). 

The project had as its primary ob- 
jective the design of a small and rela- 
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MAGNETIC 


RECORDING 
HEAD 
(DUAL TRACK) 


— 


FIG. 1—Magnetic tape recording mechanism. Operation of a key on the typewriter, in 
addition to printing a character on the typed page copy, stores the coded version of the 
character in a shift register of an associated circuit over seven parallel leads. A mechani- 
cal latch tripped immediately thereafter permits the tape to move continuously through 
the seven places of one character position. An opaque disk geared to the tape capstan 
rotates between a light source and an array of photo-diodes. Through slots in this disk, 
an accurate photoelectric indication of the mechanical position of the tape capstan is 
obtained. Such a photoelectric signal provides an advance pulse to the shift register 
each time the tape has moved 1/150 of an inch. These pulses spill the bits of the coded 
character one after another from the shift register to the magnetic tape. This process } 
is repeated on each operation of a typewriter key to produce a single continuous 
track of positive and negative magnetic spots along the tape, accurately spaced at 150 
to the inch. These spots represent the binary “one” and ”zero” code bits of successive 
characters. A second photoelectric signal, occurring once per character of seven bits, 
places an index spot midway between the seventh bit of one character code and first 
bit of the second. The block latch, triggered by the action of the typewriter carriage 
return, activates the third photodiode to separate the message into signal blocks for, 
transmission. 


tively inexpensive digital-data set for 
use with telephone lines. Three of 
many problems solved in designing 


frequencies at the transmitter and _ re- 
ceiver, differential stretch or slippage 
of the magnetic tape, noise picked up 


the data transmission system were pe- 
culiar to the system. 

e The varying speeds of business 
machines plus the efficient rate of 
transmission of telephone lines had to 
be considered. 

eThere was the possibility of error 
in transmission which had to be caught 
before it was transcribed at the receiv- 
ing end. 

e Differences between power line 


during transmission of the data, and 
transmission synchronization _ jitter) 
could all cause variations in the spac 
ings of the bits on the magnetic tape. 
at the receiving end. 

The problem of varying speeds was} 
solved as has been indicated by using 
magnetic tape to record messages at 
typewriting speed and then sending; 
and receiving them at an efficient tele- 
phone line rate. 
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TAPE 
RETARD 
RATCHET — 


LIGHT_ 
GATE 
MOTOR 
ERROR DETECTION 
Detection and correction of trans- 


mission errors was accomplished by an 
ingenious device. The taped message 
is transmitted over the lines in the 
reverse order from that in which it is 
prepared, incidentally eliminating re- 
winding of the tape. This procedure 
makes possible acknowledgment of a 
block of received data before the block 
is transcribed on the typewriter. The 
receiving data subset monitors each 
block of data for errors, as will be de- 
scribed and acknowledges it for tran- 
scription or requests a repeat before 
acknowledgment. Thus, a faulty ver- 
sion of a block which has to be re- 
peated is omitted from the printed 
copy. The transmitter sends out a 
block of the message and then stops 
(Fig. 4). If acknowledgment from the 
receiver is OK, the transmitter sends 
out the next block of the message. 
If the acknowledgment is NG, the 
transmitter backs up and repeats the 
last block. This process continues un- 
til all the blocks have been received 
properly. When the last block has 
been recceived, the data subsets stop 
finally. (Fig. 4). 


In monitoring errors at the receiver, 
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FIG, 2.—Magnetic tape reading mechanism. On the reading end, the tape moves con. 
tinuously while receiving information, thus it contains all data including blocks with 
errors. The reading head is oscillated back and forth along the tape by a cam. The 
tape capstan drive brings a new character under the head at each oscillation. A photo- 
electric signal, occurring each time the head is moving at constant velocity in the direc- 
tion opposite to the tape drive, activates the reading circuits, Variations in average 
bit spacing are compensated in the reading mechanism by servoed positional corrections 
to the tape capstan drive. The tape is intentionally driven at a speed slightly higher 
than required by a tape having minimum bit density. Action of the tape-retard-ratchet 
to the normally stationary third leg of the differential retards this motion at appropriate 
times to keep the character groups centered on the reading head. These corrections 


are made during the non-reading part of the head oscillation cycle. 


the receiving subset uses clock pulses 
at the signaling bit rate to sample 
the incoming data. The clock to provide 
these pulses maintains the correct fre- 
quency by observing changes in the 
incoming data from “one” to “zero” 
and vice versa. The clock pulses are 
used as the input to a “divide-by-seven 
counter” which provides an “index” 
pulse every seven bits for use in 
detecting errors of omission. This 
counter is started in the correct phase 
by the recognition of the supervisory 
code at the beginning of a block of 
data. The output from this counter is 
used to record the “index marks” on the 
received tape. The parity of each char- 
acter is recorded by a binary counter 
which is triggered by the simultane- 
ous occurrence of a clock pulse and a 
“one” in the data. At the end of each 


character, this binary counter is in- 
spected by an output from the seven 
counter and is reset. If the binary 
counter is in the wrong state at the 
end of a character, then an “error flip- 
flop” in the control circuitry is set 
which serves as a memory that a parity 
error has occurred. In the receiver this 
flip-flop determines the nature of the 
subsequent acknowledgment (Fig. 2). 

On reaching the end of a_ block, 
the transmitter stops its tape and 
waits for an acknowledgment. At the 
receiver the tape moves continuously. 
At the end of a block, the receiver 
generates and transmits the proper 
acknowledgment and also records it on 
the received tape. Hence the received 
record of the message, which con- 
tuins all the received data including 
blocks with faulty characters, has an in- 
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NEW! tow-cost 


SINGLE COIL 


INDUCTION MOTOR rections to the tape capstan drive. 21, 


New in design, new in economy 
— the Heinze P Motor answers 
your need for a low-cost single coil 
2 pole induction motor. It is avail- 
able in various stacks and horse- 
power ratings from 1/300 to 1/50. 
Free speed is 3400 rpm; load 
speed 3000 rpm. Designed for 
115 V, 60 cycle operation, the 
Heinze P Motor has broad applica- 
tion — in movie projectors, fans, 
gearmotors, advertising displays, 
pumps, toys, etc. 

You have a wide choice of models 
from the comprehensive line of 
Heinze sub-fractional horsepower 
motors and blowers. Heinze Engi- 
neers are also ready to adapt 
standard models — or design a 
complete new motor or blower for 
your exact needs. Send us your 
product and specifications. We'll 
adapt a motor... at no obligation. 
Write for catalog. 


ait id ELECTRIC COMPANY 
685 Lawrence St., Lowell, Mass. 
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FIG. 3—System schematic. Two magnetic tape mechanisms together with associated 
circuitry connected to modified electric typewriters produce or reproduce digital coded 
data on a magnetic tape. A combined transmitting-receiving device, called a data sub. 
set, with automatic checking and control features sends information through the tele- 
phone line trom one end and receives it at the other. 


The mechanism and circuitry are ar- } 
ranged so that each character is} 
printed by the typewriter once and} 
only once, and positional variations of 
the bits within a character do not pre- | 
vent its recognition. | 

This design was described by W. A. 
Malthaner of Bell Telephone Labora: | 
tories at the Wescon Session of August 
1957. } 


dication of which blocks were re- 
ceived with errors and were repeated. 


SPACE VARIATIONS 
Variations in the spacings of the bits 
on the magnetic tape at the receiving 


end are compensated in the reading 
mechanism by servoed positional cor- 
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Cap At 1s Be B® 150 | 
FIG. 4—Section of original recorded tape showing the form in which the data is trans: | 


mitted. Each character or control group consists of seven bits. A character group com 
sists of three or five ones with the remainder made up of zeros. In this case the infor 
mation block consists of the amount typed on one line of a typewriter. These informa: | 
tion blocks could be of any length but should balance probability of error in a block 
versus time for repeating block in case of error. 
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Printed Circuit Connector 
With Polarizing Screwlocks 


Printed circuit connector with patented 
polarizing screwlocks and _right-angle 
construction meets airframe require- 
ments for vibration and high altitude. 
Contact spacing is based on 0.100 grid 
in accordance with the latest Electron- 
ic Industries Association (formerly 
RETMA) printed circuit specifications. 
Designed for printed board or printed 
cable applications, these Series 683 
connectors are available with 11 or 33 
contacts. Standard molding compound 
is Mineral filled Melamine (MIL-P- 
14E, Type MME). In addition to the 
regular solder cup for No. 20AWG 
wire, receptacles can be supplied with 
taper pin termination for  solderless 


wiring. Electronic Sales Division, De- 
jur Amsco Corporation, Long Island 
City 1, N. Y. 

Circle No. 196 on Inquiry Card. 








High Pressure Solenoid Valve 
A two-way solenoid valve, especially 
suited for hydraulic applications, such 
as hydraulic lifts and elevators, is de- 
signed for tight shut-off on pressures 
to 1500 psi. They may be mounted in 
any position without affecting opera- 
tion. Valves are of the internal pilot 
operated piston type having angle bod- 
ies, available in either stainless steel 
or brass bar stock with teflon dises and 
stainless steel magnetic parts. They 
may be supplied for continuous or in- 
termittent service, depending upon the 
application. Automatic Switch Co., 
Florham Park, New Jersey. 
Circle No. 184 on Inquiry Card 
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Difficult batching problems 
solved by Autoweightion 


e All types and combinations of 
materials successfully handled 


© High degree of accuracy ob- 


tainable 


¢ Thayer Scale Flexure Plate 
Leverage System guaranteed 


accurate for life 





Fig. 1 





The development of the 
Thayer Autoweightion System for 
controlling materials processing sys- 
tems has opened the door for many 
hitherto impractical batching opera- 
tions. For instance, several different 
flushing materials (flooding pow- 
ders) can now be handled without 
leakage by a tipping bucket weigh 
hopper (Fig. 1) controlled by a 
range Thayer 


series of different 
weigh beams. 





Fig. 2 
Thayer individual batching 
scales can be used to furnish pre- 
weighed charges which may be 
varied in weight to suit the formula. 
The system shown (Fig. 2) can be 
furnished to allow positioning under 
various bins or feeders so each scale 
will preweigh a given weight charge 
and discharge it to a conveyor belt 
or to a mixer for further processing. 





Fig. 3 

Where many ingredients 
are to be handled and there is a 
factor of space saving and a mini- 
mum amount of equipment, it is 
possible to utilize an accumulative 
batching scale which can either be 
fixed or moveable as shown (Fig. 3). 


This unit will have a large weigh 
hopper sufficient to accommodate the 
total weight of any number of in- 
gredients desired to be accumulated. 
To secure accuracy in various weight 
ranges, the weighing of each indivi- 
dual ingredient will be controlled by 
its own weigh beam on the scale and 
the various ingredients will be 
weighed into the common weigh 
hopper in turn at the prescribed 
formulated weight. 


Difficult to handle mate- 
rials, such as hot tar, high viscosity 


liquids and other such ingredients 
which leave a re- 


sidue in the weigh- 
ing vessel can be 
handled in a loss- 
in-weight manner 
by first precharg- 
ing a vessel to any weight and then 
withdrawing a known amount for 
the desired charge (Fig. 4). By this 
means the remaining. tare weight 
within the hopper will not affect the 
weight of the next discharged load. 
Such a unit can be used either as a 
single batching scale or as an ac- 
cumulative batching scale discharg- 
ing in a loss-in-weight manner. 





Engineered solutions such 
as these have put Thayer batching 
systems into many of the _ best 
known processing plants in North 
America. Thayer builds a complete 
line of feeders interlocked with 
Thayer Scales. Remote controls, add- 
ing machines and chart indicators 
are also supplied. Please write us 
about your batching problems. 


AIITOWEIGHTION 


trade-mark 
* THE THAYER SYSTEM OF 
PROCESS CONTROL BY WEIGHT 


THAYER SCALE CORP. 


16 Thayer Park, Pembroke, Massachusetts 


FOR MORE INFORMATION CIRCLE 51 ON INQUIRY CARD 
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Rod End Bearings 


A new line of two-piece (ball and body 
only) self-aligning, plain, spherical, 
rod end bearings for the aircraft, mis- 
sile and related industries is patterned 
closely after the firm’s Monoball self- 
aligning rod end bearings. The new 
two-piece rod end bearings are claimed 
to have longer cycle life compared to 
three-piece rod end bearings because 
of the construction and tougher materi- 
als used. The bearings are said to re- 
duce lost motion in linkages and with- 
stand excessive vibration. They carry 
heavier loads than anti-friction types 
since they have a greater surface sup- 
porting area. The bearings are avail- 
able in sizes for % to % inch bore and 
larger, with capacities of radical ul- 
timate loads from 7000 to 33,300 
pounds and higher. Same bore sizes 
available for high-temperature opera- 
tions to 1000 degrees F. Southwest 
Products Company, Monrovia, Califor- 
nia. 
Circle No. 182 on Inquiry Card. 








Push-To-Test Pilot Light 


Push-to-test pilot light has a separate 
circuit for testing the bulb simply 
by pushing on the color cap. In the 
test position a positive contact “feel” 
eliminates any doubt of whether the 
unit is in the test position, Oil-tight- 
ness is maintained in both the normal 
and the depressed or test position. 
There are no wires to be broken since 
all internal connections are pressure 
connections of silver-plated beryllium 
copper. Square D Company, Milwau- 
kee, Wisconsin. 
Circle No. 175 on Inquiry Card. 








SHAFT MOUNTED DRIVE 


A large capacity, shaft mounted drive in a 
single reduction ratio of 5:1 and in two dou- 
ble reduction ratios of 14:1 or 25:1 is now 
available. Unit ratings range from 2hp at 5rpm 
to 50hp at 359rpm; maximum torque rating 
at lew speed shaft is 31,000 pound-inches. A 
longer center distance between shafts permits 
use of larger sheaves on installations where 
unit is mounted with input shaft toward driven 
machine or on through-shaft applications. In- 
spection covers on the 3-wall, one-piece, all 
steel housing provide easy inspection of bear- 
ings and helical gears. An automotive type dip 
stick permits a quick check of oil level. The 
Falk Corp., Milwaukee, Wisconsin. 
Circle No. 189 on Inquiry Card. 























Precision Interval Timers 


A new. series of precision interval 
timers, hermetically sealed and de- 
signed on the basis of a repeat cycle 
timer, has a novel switching system 
that allows high accuracy over long 
range timing intervals. Available with 
either chronometrically governed d-c 
motors or synchronous a-c motors these 
units possess 1% accuracy or better. 
Application requirements control the 
range of adjustment; overall ranges in 
excess of 30 to 1 can be supplied. A 
hermetically sealed adjusting knob on 
the front of the unit allows rapid and 
accurate setting of the calibrated dials 
within the glass window. A double 
dial provides maximum setting ease 
and accuracy with one dial showing the 
major setting increments and the other 
providing a vernier adjustment of these 
increments. Design of this timer elim- 
inates the need for any form of clutch- 
ing system and therefore no standby 
power is required when the unit is 
time out. Power consumption is lim- 
ited to a few watts since the only elec- 
trical requirement is for the motor. A. 
W. Haydon Company, Waterbury, 
Connecticut. 
Circle No. 200 on Inquiry Card. 





Rotary Valve 


Teflon shear seal principle prevents 
leakage at all pressures in a_ rotary 
valve designed for fluids or gases under 
operating pressure of 3000 psi. Proof 
pressure is 4500 psi; burst pressure is 
7500 psi. The valve is full ported 
straight through for minimum pressure 
drop. Handle torque at operating pres- 
sure is less than 45 inch-pounds and 
rotates 90 degrees for full on or full 
off. Detent stops are provided in both 
positions; flow is bi-directional. Tem- 
perature range: —65 F to +275 F. It 
is designed for hydraulic test stands, 
and engine air starters. Vinson Manu- 
facturing Co., Van Nuys, California. 
Circle No. 186 on Inquiry Card. 
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Tt New from Clevite! 
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These latest additions to Clevite’s complete line 
of computer and general-purpose diodes offer 


you the advantages of: 


ULTRA FAST RECOVERY TIME... (JAN-256) 


(Typical: from +5.0 ma to —40v 
.. . 400K in 0.3us) 


HIGH FORWARD CONDUCTANCE 
(Typical: 50 ma at 1.5v) 


EXTREMELY LOW REVERSE CURRENT 





\ } 
il FREEDOM FROM THERMAL RUNAWAY 
at high voltage and up to 150°C 
RUGGED, HERMETICALLY SEALED GLASS PACKAGE 
For complete information, 
OTHER CLEVITE DIVISIONS: write or phone: 
i Brush Instruments 

prevents 
1 rotary Clevite Ltd. 
es under Clevite Ordnance f 
Prisee Tesee Division TRANSISTOR PRODUCTS 
ye 4 Cleveland Graphite Bronze Co. 241 Crescent St., Waltham 54, Mass. 
Siam Clevite Harris Products, Inc. TWinbrook 4.9330 

ng pres- — Clevite Electronic Components A Division of 
nds and Clevite Research Center 
1 or full Intermetall G.m.b.H. 
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BIG-POT PERFORMANCE in 


Miniature-pot size 





f CHO PRECISION 


MINIATURE POTENTIOMETERS 


are built, tested, and certified* to such rigid specifications as AIA, 
RETMA, JAN-R-19, MIL-E-5272A, and other applicable mili- 
tary specifications. This new line of single-turn pots packs Waters 
traditional performance into tight spots. 


*Complete data on request 





‘ from 







NOW! A complete single-turn-pot line. 
C77) 








WP1% WwP 1% 


BIG-POT PERFORMANCE in 


Miniature-pot size 


CHOW porary 


TRIMMER POTENTIOMETERS 


are built, tested, and certified* to rigid military environmental spec- 
ifications and are available in many variations: ganged, tapped, 
with various electrical and mechanical angles, locking shafts, anti- 
rotation pins, “O” rings, etc. 


*Compiete data on request 





A complete single-turn-pot line 
— ea 








APIS APIs AP 1g RTS % RT % AP 'A 


Write for catalog of the Waters complete single-turn pot line — 
precision, trimmer, low-torque, miniature. 


APPLICATION ENGINEERING OFFICES 
IN PRINCIPAL CITIES 
Wayland, Massachusetts 


MANUFACTURING, inc. 
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DETECTION 


Photoelectric Device Uses 
Radioactive Light Source 


A miniature, low-cost photoelectric sys- 
tem constructed entirely of solid state 
components uses a radioisotope radia- 
tion source to replace the unreliable 
incandescent light source of conven- 
tional systems. 

The new system, consisting of a 
radioisotope source, cadmium sulphide 
radiation detector and transistor am- 
plifier (Fig. 1), combines much of the 
versatility of photoelectric control with 
the reliability of solid state com- 
ponents. The device has its greatest 
advantage in applications where _re- 
liability is most critical and equipment 
is inaccessible for maintenance. 

The shortcomings of an_ ordinary 
light beam in dusty or smoky environ- 
ments suggested the use of a beam of 
more penetrating radiation. Such a 
beam can be both generated and de- 


tected by small, rugged solid state | 


components. A small amount of suit- 
ably chosen radioactive material fur- 
nishes an easily detectable beam of 
high-energy radiation unaffected by 
temperature, shock or nearly any other 
environmental condition. The radio- 
activity decreases with time at a rate 
depending only on the half-life of the 
isotope, so that diminution of source 


RADIOISOTOPE CONTROL 


\ PHOTOCELL ELEMENT 
\ 


ay J lS 
vi 4 \ 


J TRANSISTOR 
SHUTTER AMPLIFIER 























FIG. 1—Physical arrangement of compo- 
nents. A model of the new solid state 
photoelectric system was built and tested, 
using a 1 millicurie strontium-90 source 
and a Hupp-13 CdS detector. The source 
used is about 4 inch by 14 inch diameter 
with shielding. The photocell is 44 inch by 
14 inch diameter, the active sensing area 
being less than 1/16 square inch in size. 
The radiation reaching the detector is 
controlled in the test system by a 1/32 
inch aluminum shutter interposed _ be- 
tween source and detector. Removal of 
the shutter irradiates the photocell, de- 
creasing its resistance, changing the out 
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sated exactly. 

These attractive features of radio- 
isotope sources are being used com- | 
mercially in several industrial control 
devices. Best known among. these is 
the beta-ray thickness gauge, which 
measures and controls high speed, con- 
tinuous sheet materials to within one 
percent thickness. The isotope used 
in most of these gauges is strontium- 








tric svs- 90, which retains half its activity after 

id state » 25 years, a convenient decay rate for 

» radia- . most commercial devices. 

‘reliable | The radioactive material as pro- 

conven- | duced by the AEC operated pile is in Ke) ‘fe SCA LE METERS 
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The scale in these new instru- 
ments is 22 times as long 


e com- steel container, with one face thin ; : a 
greatest | enough to pass most of the emitted as conventional meters. A 31 

‘ere re- | radiation. Radioactive sources thus HICKOK 250° meter has a 
uipment ’ processed and packaged are obtain- scale length equal to a conven- 
' \ able from several firms specializing in tional 6” instrument. 
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These instruments meet 
military specifications 
and are in volume 
production. Your in- 
quiry is invited. Kindly 
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MODEL MH-2 








POST 
DECITRON 





Magnetic Switch 


~ 


Post’s DECITRON Mag- 
netic Switch ideal 
sensing device for actuating 
counters, controls, solenoids, 





is an 


relays and many other elec- 
trical or electronic circuits. 


The Post MH-2 is mag- 
netically operated . . . con- 
trolled by the proximity of 
a magnetic field. A clean 
“make” and “break” is ac- 
complished at any speed 
range from zero to 100 


cycles per second. 


“Bounce” is eliminated by 
using a capillary film of 
mercury. For timing 
synchronizing . . . or count- 
ing . . . specify the depend- 
able, long life — MH-2. 


Write for literature. 
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POST MACHINERY COMPANY 


Beverly, Mass. 
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COOL TRANSFORMER 


Rubber Air Cell Controls 
Oil Pressure . 


A new constant-pressure oil preserva- 
tion system for power transformers 
(units above 10,000 KVA) eliminates 
both oil-to-gas contact and wide pres- 
sure variations, helping to prevent 
hazardous bubbles from developing in 
the transformer oil. Main design in 
the “Atmoseal” method is a rubber 
air cell in a rectangular expansion 
reservoir located beside the trans- 
former cover. As oil expands inside 
the transformer and flows into the 
reservoir, the nylon-impregnated Ni- 
trile rubber cell deflates and exhausts 
air to the atmosphere through a 
weather-tight breaker. When the oil 
cools and contracts with reduced load 
or ambient, it flows back into the main 
tank and atmospheric pressure rein- 
flates the rubber cell. At no time does 
air come in contact with the oil. 
Major advantage of the new system 
is the prevention of gas bubbles in the 
oil, according to G-E engineers. Most 
other oil preservation methods per- 
mit large pressure drops which can 
release dissolved gases in the form of 
bubbles from the oil, reducing its di- 
electric strength. With the Atmoseal 
system, oil pressure can vary only 
about 0.6 psi throughout the trans- 
former’s operating cycle from an al- 
most empty reservoir to a full one— 
with a temperature change of 120 C. 








R 





Cutaway of oil preservation system for 
G. E.’s power transformers shows how | 
rubber air cell expands and contracts as 
oil volume in transformer tank varies 
with temperature. j 


= 


Additional benefits include  negli- 
gible maintenance: there are no gas 
cylinders to replace or controls to ad- 
just; reduced fire hazard; bushing | 
adapters keep head of oi! below the | 
level of external bushing porcelains 
so transformer oil cannot bleed from 
a damaged bushing; and reduced line 
interference. Low reservoir height pro- | 
vides greater distance between lines 
and ground. Additional details are} 
available in a new bulletin, GEA-6626, ' 
available from the General Electric | 
Company, Schenectady, N. Y. 





For your copy circle No. 201 on Inquiry Card. 





WORTH FILING 


Calibration Chart for 
Thermocouples 


Durable chart contains color codes and 
calibration symbols for thermocouples | 
and thermocouple extension wires plus | 
pyrometer wire resistance figures. Re- 
sistances are given for standard pyrom- | 
eter wires in ohms per 100 feet at 
68 degrees F. They include resistances | 
for solid conductors (individual and 
loop) from 1 to 40 gage and for| 
stranded conductors (individual and/| 
loop) from 14 to 28 gage. | 


Source: Thermo Electric Co., Inc., 
Saddle Brook, N. J. 


For your copy: Circle No. 208 on Inquiry Card | 
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MACHINE TOOL CONTROL 


Regulated Electronic Speed Drive 


Electronic speed drives are rapidly 
taking the place of motor-generator 
sets. They are said to have faster re- 
sponses, easier control, and more ef- 
ficiency. They are also said to be 
smaller, lighter and quieter. 

Taking advantage of recent develop- 
ments in solid state devices, Raytheon 
Manufacturing Company of Waltham, 
Mass., has developed a regulated elec- 
tronic d-c speed drive, rated from 30- 
100 horsepower, for machine tool and 
similar applications requiring close 
speed regulation, fast response, and 
wide speed range. 

“The design philosophy for the sys- 
tem,” according to Mr. Winston S. 
Harvey who developed it, “was to elim- 
inate all vacuum tube amplifiers and 
to simplify the power rectification sys- 
tem in order to make the assembly as 
small 


as possible and to minimize 
failures.” 
Fast-response magnetic amplifiers, 
I 


germanium transistors and gold-bonded 
diodes give the desired system gain. 
The power rectifier system provides 
3-phase full-wave operation at rated 
armature voltage with only 3 ignitrons 
and 3 silicon rectifier arms. Other sys- 
tems use 6 ignitrons or equivalent mer- 
cury-pool rectifiers with the necessary 
added firing and control circuits. The 
silicon rectifiers are forced-air cooled; 
the ignitrons are water-cooled. To con- 
serve water and prevent moisture con- 
densation, thermostats control the water 
in the ignitron so that it only flows 
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Simplified armature voltage supply system. 
Three-phase line voltage is applied direct- 
ly to input of rectifier system through 
surge current limiting reactors: Since 
there is always one of the silicon recti- 
fiers in series with each of the ignitrons, 
only three ignitrons and associated firing 
circuits are required to obtain 3-phase 
full-wave rectification at rated speed and 
load. For example, with phase (a) most 


positive and phase (c) most negative, 
current will flow from phase (a) line 
through ignitron (A), the motor armature, 
and rectifier 3 to the line of phase (c) 
when the (A) ignitron is triggered. The 
firing angle of the ignitrons, which deter- 
mine the armature voltage, is controlled 
by varying the firing angle of the asso- 
ciated thyratrons. 





when temperature exceeds a_ pre-set 
value. 


OPERATING CHARACTERISTICS 


The system consists of a control unit 
and d-c motor. A motor that develops 
constant horsepower over a portion of 
its speed range is required for constant 
horsepower load applications. It must 
be capable of operating over constant 
torque or constant horsepower ranges 
at full load without over-heating. The 
system has the following operating 
characteristics: 

e Speed regulation by tachometer 
feedback. The system gain and _sta- 
bilization may be easily varied to pro- 
vide optimum regulation for a given 
motor and load 

e Acceleration control in conjunction 


with surge current limiting reactors 
eliminating the need for a reduced 
voltage starter 

e Armature current limiting 

e Dynamic braking, forward, reverse 
and jogging 

e Combined constant torque and con- 
stant horsepower operation dependent 
on the type of motor and application 
e Field loss protection 

e Full field starting with either con- 
stant torque or constant horsepower 
applications 

e Armature over-voltage protection 
with constant horsepower operation 

e Fail-safe protection. The control cir- 
cuits are protected by thermal over- 
load relays and fuses while the arma- 
ture rectifier system is protected by an 
instantaneous trip circuit breaker and 
an armature thermal overload relay. 
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Block diagram of regulated electronic 
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Equivalent single-phase armature control 
system. The thyratrons are part of a stan- 
dard energy-storage firing system, separate- 
ly excited. Transistor controlled magnetic 
amplifiers vary the firing angle of the 
thyratrons. This type of firing circuit 
providing isolation between the control 
and power stages and pulse firing for the 
thyratrons is ideally suited for thyratron 
control. The grounded-emitter transistor 
controls the amount of reset during the 
control half cycle and thereby the firing 


angle during the load half-cycle operation 
of the magnetic amplifiers. The operating 
point of the transistor-magnetic amplifier 
system is a function of the error voltage 
—difference between reference voltage 
and tachometer feedback voltage. Vary- 
ing the regulated reference voltage (e,) 
controls the motor speed. By limiting 
rate of rise of the reference voltage, the 
acceleration circuit limits motor accelera- 
tion for several cycles until the armature 
current limiting circuit can become effec. 


tive. Output of the summing circuit is the 


filtered tachometer output. The stabliza- 
tion circuit improves the frequency re- 
sponse and permits good speed regulation 
without hunting. The grounded collector 


. j 
difference between reference voltage and | 
? 


transistor stage is necessary to provide a | 


high impedance load for the stabilization 
circuit and at the same time present a low 


grounded ‘emitter transistor stages which 
control] the firing circuits. 


impedance source for the following three | 





FUNCTION GENERATOR 

















OR! = MAR39B 
y 


























R55 
Le 470K 
+ 
R56 
130V de | 
cCi+ VR75 R78 
—— 10K 
} 
| 
| 
1 
a 4 
6 0 6 











REFERENCE VOLTAGE 


CIRCUIT 


FULL FIELD 
TO ARMATURE CONTROL STARTING RELAY 








ARMATURE 
OVERVOLTAGE 


CIRCUIT 






PROTECTION IN437 


|R34 R35 
zr, 100K 
L ' 
\ ARMATURE | 
+ VOLTAGE i 
i 
























ORIG 
































J 





FIELD LOSS PROTECTION 
CIRCUIT 








cane } 





Field control system. Constant horsepow- 
er is developed as the speed of the drive 
is increased by reducing the field flux. 
To keep the speed linear with respect to 
the reference voltage over the entire con- 
stant-horsepower speed range, a function 
genérator is used to compensate for field- 
flux vs field-current non-linearities. The 
function generator also provides a smooth 
transition between the constant torque 
and constant horsepower ranges. A 
grounded emitter transistor-magnetic am- 
plifier combination controls the firing an- 
gles and thus the output voltage of the 
full-wave thyratron field-supply system. A 
negative feedback circuit keeps the field 
current linear with respect to the output 


56 


of the function generator regardless of 
nominal line voltage or temperature 
changes and also reduces the system re- 
sponse time. 

Since the shunt field is highly induc- 
tive, the field current is controlled over 
a wide range by applying a high ampli- 
tude sine wave in phase with the anode 
voltage of one of the thyratrons. The 
thyratron conducts when its anode supply 
voltage exceeds the induced field voltage 
as a result of conduction of the transistor- 
magnetic amplifier controlled thyratron. 

To prevent armature over-voltage, when 
the motor is running at rated speed and 
the reference Voltage suddenly reduces, 
the armature voltage is divided and com- 


' 
pared with the output of a Zener diode | 
reference voltage circuit. If the divided 
armature voltage exceeds a preset level, 
the reference voltage and thus the firing 
angle of the normally full firing thyratron 
is reduced. The field current is reduced 
to a value which will limit the armature 
voltage to a safe value. The field loss 
protection circuit serves to stop the mo 
tor if the field current is less than the 
desired minimum value. To operate de 
pendably over a wide current range, the 
field loss relay is controlled by a magnetic 
amplifier with positive feedback. The 
field current at which the relay deener 
gizes may be varied by adjusting the 


feedback. 
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’ 
Ri =(3)R54 
j2=34; | CONDITION FOR &=0 
Simplified automatic anode-current balanc- to the appropriate grounded ‘emitter tran- sistor stage in conjunction with a fast- 


ing circuit. The balancing circuit, which 
compensates for the tolerances of the 
firing circuits, causes nearly equal anode 
currents to flow through each of the three 
ignitrons. 

A d-c voltage proportional to actual anode 
current in each ignitron is compared with 
a d-c voltage proportional to the average 
current of all three ignitrons. If the vol- 
tages giving the measure of the individual 
currents differ from the voltage indicating 


average current, an error signal is applied 


sistor stage to provide balancing action. 
The armature current-limiting circuit (Fig. 
3), which is closely associated with the 
balancing circuit, compares the individual 
voltages with a fixed voltage. If the in- 
dividual voltages exceed the fixed voltage, 
a diode conducts changing the operating 
point of the grounded emitter transistors 
to retard the firing angle of ignitrons and 
thereby limit the armature current to a 
value determined by the choice of fixed 
bias voltage. Each grounded emitter tran- 


response magnetic amplifier constitutes a 
high-gain d-c amplifier system whose out- 
put pulse fires the respective thyratrons. 
The thyratrons, in turn, act as switches to 
discharge the energy stored in the conden- 
sers into the ignitors of the ignitrons and 
thus fire the ignitrons at the proper in- 
stant. The L, C and R constants of the 
firing circuit provide an ignitor pulse of 
the correct duration. The resulting firing 
angles of the ignitrons determine the 
armature voltage of the motor, 





e Regulated reference voltage to com- 
pensate for +10 percent line voltage 
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Substations and their Relay and 





Schenectady 5, N. Y. 
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Ideas for Electromechanics 


Chemistry, like mathematics, cuts across many scientific 
and technological borders. Fundamentally, all materials 
are “chemicals” and their properties reflect their chemical 
and atomic or molecular structure. For example, in the 
field of transistors, chemical purity and controlled impuri- 
ties in the parts per billion range make the difference 
between a useless, electronically inert lump of germanium 
or silicon and a highly useful electronic component. 
Chemical research has continually furnished the de- 
signer with unique new materials that open new ap- 
proaches for advanced designs and add degrees of free- 
dom in attaining increasingly higher performance. It is 
not at all surprising then that a meeting of chemists, the 
132nd National Meeting of the American Chemical Society 
in New York, would report new investigations of interest in 
the field of electromechanical research and development. 


Thorium Seen Cutting Atomic Power Cost 


Present plans for atomic power call for enriched uranium 
as the fuel source, a comparatively expensive source of 
fuel. Speaking at a session of the American Chemical 
Society's Division of Industrial Chemistry, Dr. Dennis D. 
Foley of Battelle Memorial Institute reported on studies 
for using cheaper thorium as a fuel source. 

“The successful application of atomic energy requires 
a continued economic supply of fissionable materials. 
Uranium-235, plutonium-239 and uranium-233 are the 
three known fissionable materials. Of these, uranium-235 
is the only naturally occurring material and is, therefore, 
the indispensable element in atomic energy development. 

“Plutonium-239, the second fissionable material, can be 
obtained by the neutron irradiation of natural uranium. 
Atomic-power activities in the United States today are 
directly or indirectly based on uranium. However, several 
power reactor concepts are under development in which, 
starting with only a small quantity of uranium-235, the 
third fissionable material, uranium-233, would be produced 
by the neutron irradiation of thorium. 

“In this way, the continued operation of an atomic 
power plant could be based upon thorium, much more 
readily obtained than uranium-235 and, consequently, rela- 
tively cheap in comparison to it. Thorium is, in fact, three 
_times more abundant than uranium in the earth’s crust.” 

But the procurement of thorium of sufficiently high 
purity for reactor applications has been one of the most 
serious problems in atomic energy programs. As part of 
an Atomic Energy Commission program for the produc- 
tion of pure thorium metal for reactor experiments, labora- 
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tory and pilot-plant work on the purification of thorium 
nitrate was undertaken by Battelle Memorial Institute, Dr. 
Foley explained. The primary objective of the program 
was to provide basic process design data for the AEC’s 
Feed Materials Production Center at Fernald, Ohio. A 
secondary objective was to produce enough high-purity 
thorium nitrate by solvent extraction to permit making an 
analysis of the impurities present by actual slow neutron 
irradiation. This would give a direct measure of the 
suitability of the material for reactor experiments. 

The studies resulted in a solvent extraction process which 
is said to be the only practical method developed so far 
for making thorium nitrate of the required high purity, 
Other existing methods rely on chemical reactions rather 
than on the extraction of impurities with solvents. 

With the new process, a recovery of 99.89 percent of 
the thorium as a purified product was achieved. In addi- 
tion, the purity of the product was said to be ample for 
all anticipated uses in reactor experiments. Copper, an 
impurity originally present to the extent of 30 parts in 
a million parts of thorium, was reduced to less than two 
parts in ten million. And the rare-earth elements—which 
constitute one of the most serious reactor “poison” prob- 
lems—were reduced from concentrations as high as 45 
parts in a million parts of thorium to as little as 2 parts 
in a billion, Dr. Foley reported. 

“During a six-month period of operation, the process for 
refining thorium nitrate was successfully developed and 
demonstrated,” he said. “On the basis of the work, it was 
established that the necessary product purity could be 
readily obtained and that an extremely high thorium re- 
covery could be expected. Thorium may ultimately play 
an important role in the world’s nuclear fuel supply.” 

Robert B. Filbert, Jr., chief of the Battelle Chemical En- 
gineering Research Division, was co-author of the paper. 


Radiation Chemistry of Polymers Reviewed 


In a symposium on Radiation Chemistry of Polymers, 
A. A. Miller and E. J. Lawton, General Electric Research 
Laboratory, reviewed the effects of ionizing radiation on 
polyethylene. They found that in the absence of oxygen, 
cross-linking was the predominant reaction. This was 
essentially a free radical process. In the presence of oxy- 
gen, the over-all cross-linking efficiency can be reduced 
to the point where oxidative degradation, rather than 
cross-linking, predominates. 

R. Y. Mixer, Stanford Research Institute, reported on 
the chemical damage resulting from irradiation of epoxy 
adhesives. A small amount of chemical change can re- 
sult in large changes in the physical properties of the 
cured adhesives. The extent of the damage varies with the 
epoxy base and hardening agent. Preliminary attempts to 
improve the radiation resistance with protective agents 
were partially successful. Epon VIII containing 9.1 per- 
cent of 2.5 diphenyloxazone lost only 11 percent of its 
strength after receiving a dose of 800 megarep, compared 
with 40 percent lost for the control specimen. 

Methods of increasing the adhesion of polyethylene to 
metals drew some attention. F. J. Bockoff, E. Timothy 
McDonel and John E. Rutger, Jr., Fenn College and Case 
Institute of Technology, described the effect of oxidation 
of polyethylene surfaces on adhesion to stainless steel. 
Untreated polyethylene showed adhesion of several hun- 
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dred pounds per square inch. Controlled oxidation pro- 
duced adhesive strengths in excess of 2500 pounds per 
square inch, with predominantly cohesive rather than 
adhesive failure. 





New Silicone Rubbers Described 


Extensive experimental work on the compounding of 
silicone rubbers was summarized by F. L. Kilbourne, A. S. 
Kidwell, R. D. Alling and Z. J. Grabicki, Connecticut Hard 
Rubber Company. Five years’ experimental work led to 
the development of high-tensile, high-tear-strength silicone 
rubber compounds. The unusual combination of properties 
make the silicone rubbers particularly suitable for sealing 
compounds under severe ambient conditions. Special com- 
pounding ingredients and procedures were described that 
made it possible to obtain high tensile strength, excellent 
tear resistance, 400 degree Fahrenheit heat stability and 
resistance to oil. 

A new family of fusible silicone rubbers was described 
by J. H. Lorenz and F. Fehete, Union Carbide Corpora- 
tion. These compounds, fabricated and cured by conven- 
tional means, have the unique property of fusing together 
when pressed or wrapped under slight tension. Heating 
at moderate temperatures accelerates fusion into a homo- 
geneous mass. In addition, these compounds exhibit a build- 
ing tack so that they stick to themselves immediately upon 
application, eliminating the necessity for pressure binding 
or molds during cure. 


Two classes of the silicone rubber fusible compounds 
were described. The insulating class shows excellent re- 
sistance to reversion, good heat stability and high tear 
strength. It has potential uses in cable wrapping, 
silicone rubber tapes, hot air duct wrapping and 
similar applications. The electrically conductive class has 
a resistivity in the range of 1-2 ohm-cm. This material 
should have utility as a heat source. Lower conductivity 
compounds may be formed by blending and used as co- 
rona precipitators. This new family of silicone rubber com- 
pounds will have applications where the bonding of silicone 
rubber to rubber, metal, glass or fabric is a problem. 

Solvent-resistant fluorosilicone rubbers were described 
by T. D. Talcott, E. D. Brown and G. W. Holbrook, 
Corning Corporation. These rubbers combine the high 
temperature characteristics of silicone rubbers with the 
oil and solvent resistance of fluorine polymers. Whereas 
many applications of silicone rubber have been hindered 
by a lack of resistance to solvents, this new elastomer shows 
promise in this type of environment. 


Polymer Membranes Increase Battery Life 


The preparation of characterization of polymeric mem- 
branes for the silver peroxide-zine alkaline cell were de- 
scribed by H. H. Bieber, P. F. Bruins and H. P. Gregor, 
Polytechnic Institute of Brooklyn. Membranes of ion ex- 
change resins embedded in a vinyl matrix showed low 
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ohmic resistance and were suitable for use as battery sep- 
arators. Evaluation of these membranes in the silver per- 
oxide-zinc alkaline cell showed that they doubled the 
cycle life of the cell as compared with the conventional 
cellulosic separators. Optimum results were obtained with 
a heterogeneous carboxylic acid type membrane, which 
increased cell life to at least 350 cycles, as compared with 
125 cycles using cellophane. Many of these separators 
outlived the battery elements; the zinc electrodes required 
replacement after approximately 200 cycles. 


Resins Explored For New Uses 


The polyurethane resins were treated extensively at this 
Meeting. M. E. Bailey, R. J. Fiel, M. E. French and G. C. 
Toone, National Aniline Division, Allied Chemical and 
Dye Corporation, discussed the use of castor oil-diisocyan- 
ate resins. They prepared coatings of outstanding abrasion 
resistance, adhesives with bond strengths superior to any 
known material, potting compounds for encapsulating del- 
icate electronic equipment and foams of varving flexibility 
and resiliency for shock cushioning. 

More detailed reports on the factors important in crash 
padding were discussed by M. E. Bailey, A. Khawam, G. 
C. Toone and J. W. Hull, Allied Chemical and Dye Corp. 
Urethane foam with castor oil as a plasticizer was found 
to be a better shock cushion than any material presently 
in use, according to laboratory tests. Lightweight, rigid 
honey-combed plastics, such as Styrofoam, are actually best 
for absorbing shocks but they are destroyed by the blow 
and, therefore, good for only one shot service. Padding 
materials should be able to return to their original shape 
after being struck. Foam rubbers are too springy. In tests 
comparing the castor oil-diisocyanate foam proved best 
in every respect. In addition to uniformly good shock ab- 
sorbing properties, the castor oil-diisocyanate foams show 
iow compression set and good resistance to humid aging. 
Although rate of recovery after removal of the striking 
object is not as high as in latex foam, it usually is sufficient, 
particularly in view of the protection it affords. 

A paper on modifications of polyethylene resin was 
presented by L. W. A. Meyer and B. P. Rouse, Jr., Tennes- 
see Eastman Company. A new weather-resistant poly- 
ethylene for outdoor use will soon be offered, made possible 
by recent developments in ultra-violet inhibitors. New 
higher density polyethylene resins in conjunction with new 
techniques of forming and molding will eventually permit 
the use of a wide range of products. 


Lithium Finds Heavy Use 


A summary of new uses for lithium compounds was pre- 
sented by R. G. Verdieck, Foote Mineral Company. 

“The importance of the unique chemical and physical 
properties of lithium and its compounds in the fields of 
lubrication, air-conditioning and ceramic technology has 
increased tremendously during the past decade,” Dr. R. G. 
Verdieck told the Society’s Division of Inorganic Chemistry. 

The armed forces can use a single lithium grease in planes 
over the Arctic and in tanks on the desert, thus solving a 
tedious supply problem. Such an all-purpose grease is 
possible because the lithium compound neither stiffens at 
low temperature nor breaks down at high temperatures, 
Dr. Verdieck explained. 

A second large use of lithium compounds at present is 
for the manufacture of vitreous or glassy products. The 
modern television tube uses a glass in which lithium re- 
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places the lead found in ordinary glass. This glass, in 


comparison with the ordinary kind, has increased density 
and refractive index, and better resistance to chemical 
attack. It has made possible lighter television tubes, and 
its lower and wider melting point has allowed the mass 
production of superior tubes. 


The low weight and high heat of burning lithium point | 


to its application in high energy fuels and oxidizers for 
propulsion of rockets, missiles and aircraft, said Dr. Ver- 


dieck. The compound lithium perchlorate, for example, | 


contains more available oxygen in its total weight than 
does any other compound. 

Because lithium-6 produces no radioactive ash, this 
form of the element is important in the development of a 
“clean” H-bomb, the chemist reported, and “other nuclear 
properties of this metal and its compounds indicate po- 
tential use as a heat exchange medium and shielding ma- 
terial.” Also, according to Dr. Verdieck, scientists hope 
some day to control lithium-6 as a nuclear fuel in fusion 
reactors. 


Soviets Found Pampering Inventors 


American scientists and engineers have an enormous cur- 


ee orrmemarnins 


iosity about their opposite numbers in the Soviet Union. | 


Much has been heard recently about the training, incentives 
and status of Soviet scientists and engineers. 

How the Soviet Union, in its scramble for technological 
progress, spurs inventors with “all sorts of prizes, praises 
and promotions” was described by Mordecai Hoseh of 
Washington, D. C., assistant editor of the Socicty’s publica- 
tion Chemical Abstracts. 

Under Soviet law, an inventor may seek protection 
under either a patent or a certificate of authorship. If he 
obtains a patent, he enjoys sole rights to his invention and 
can license it on his own terms—unless it turns out to be 
of special importance to the state. In that event, the state 
may order “mandatory alienation” of the patent or force 
the owner to issue a license to a government agency at a 
fee fixed by the state. 

The holder of an author’s certificate transfers the in- 
vention rights to the government in the first place, and 
receives an honorarium fixed by the state. Theoretically, 
each inventor may request either a patent or a certificate, 
but in practice, Mr. Hoseh said, “Soviet citizens are dis- 
couraged from requesting patents, and inducements are 
offered to choose author’s certificates instead.” 

The benefits from a patent are found in licensing fees 
or, if the patent is alienated by the state, in the fee fixed 
by the government, the speaker explained. An applicant 
for a patent has to pay a fee, however, and his income 
from licensing is taxable. 

Holders of certificates enjoy other privileges than the 
honorarium fixed by law, according to Mr. Hoseh. Some 
of these privileges start almost at the beginning, since ap- 
plicants for certificates need pay no fees. 

“If the invention needs perfecting or further experi- 
mentation,” Mr. Hoseh continued, “time and facilities are 
offered free to the inventor to complete his invention. 
Payments received for an invention or suggestion for tech- 
nical improvement are not taxable, or only at a reduced 
rate. Inventors have a priority in promotions. Generally, 


ey 





ne 


| 
| 


the Soviet government through its ministries and their | 


subdivisions greatly encourages ‘inventiveness’ through all 
sorts of prizes, praises and promotions.” 

Patent literature is about the hardest of all Soviet liter- 
ature to obtain, Mr. Hoseh reported. A probable reason. he 
suggested, is that patent literature has a very limited and 
highly specialized circulation in Russia itself, and lack of 
profit motive, coupled with the language difficulty, greatly 
reduces the incentive for marketing such publications. 
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STAFF COLUMNIST 


israel Katz 

Israel Katz is manager of 
Liaison and Consulting En- 
gineering at General Elec- 
trics Advanced Electronic 
Center. 


Oil cans to missiles 


At the SAE National Aeronautics meeting in Los Angeles 
last month, it was evident that curious pressures were 
being felt in aeronautical circles. The fast pace of tech- 
nological developments and the growing gap between ad- 
vances in the art and related boundaries of knowledge 
added spice to the flavor of papers presented at the con- 
ference. Four of these papers are reviewed here because 
of their interest to electromechanical designers. 

“Systems Analysis Approach to Firebee Flight Control 
System Development.” C. D. Corden and H. J. Hansen, 
Jr., Ryan Aeronautical Company. 

The recorded experiences of Corden and Hansen in the 
development of the firebee drone flight control system 
brought to mind anguished moments with such things as 
dutch roll, phugoid motions and short-period pitching. 
The statement, “We found that by conducting simplified 
flight in the laboratory, various ‘bugs’ that turned up during 
actual flight test could be duplicated systematically,” is a 
classic. In this discovery they do not stand alone. 

Their systems approach to control system development 
is not the only possible one, but if we are to achieve effec- 
tive automatic control of complex high-speed flight vehicles, 
from both airborne and ground-based control centrals, a 
systems approach as described gives the greatest flexibility 
and permits the kind of iterative analysis which seems 
almost essential to closed-loop control system development. 

One of the sage conclusions to be drawn from the paper 
is that an oil can often is a good thing to have around 
since the road to development failure is paved with un- 
lubricated electromechanical gadgetry. 

“On the Protection of Airborne Equipment Against 
Shock”. C. E. Crede, Barry Controls, Incorporated. 

Mr. Crede set forth several intriguing hypotheses con- 
cerning factors affecting the failure of equipment when 
subjected to shock. Reasons for failure of electromechani- 
cal equipment exposed to severe shock are not understood 
fully. Satisfactory techniques for reducing pertinent data 
into meaningful information don’t exist. With the increase 
of shocking levels and the accuracy requirements of 
equipment, the need for better understanding of shock 
failures and the establishment of design criteria for the 
resistance of equipment to intense shock becomes critical. 

The well-known inadequacies of shock test equipment 
were discussed, particularly from the standpoint of their 
inabilities to divorce the effects of shock on a specimen 
being tested from side effects of the same shock on the test 
equipment. Mr. Crede described the typical application of 
single-degree-of-freedom analogs to two and three dimen- 
sional shock spectrum situations and the related benefits 
and limitations, particularly where the shock loads are ap- 
plied cyclically. Where the shock load is singular but 
intense, as may occur in airborne equipment when a can- 
non attached to the airframe is fired, existing methods of 
shock-effects analysis are inadequate and satisfactory de- 
sign criteria do not exist. Mr. Crede maintained that not 
until present shock failure hypotheses have been substan- 
tiated by experiment and field experience can confidence in 
designing for adequate shock resistance be realized. 
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“Packaged Hydraulic Systems for Missiles”. A. L. 
Stone and J. W. Woodward, Vickers, Incorporated. 
The paper discussed the effects of missile weight and space 
limitations on the design and functions of electromechani- 
cal devices associated with missile propulsion equipment 
and control systems. 

Many designs have yielded to almost unreasonable pres- 
sures for flexibility, large capacity, low weight and small 
bulk. For example, components now are expected to per- 
form multiple complex functions and Herculean tasks 
despite their midget proportions. Much has, and can be 
done in miniaturization. Although the trend may continue 
with certain noteworthy increases in component reliability, 
the paper did not focus sufficient attention on the limitations 
to miniaturization resulting from the physical properties of 
materials and the inherent characteristics of given species 
of electromechanical devices. 

It is true that a measure of success in miniaturization 
and the performance of combined complex functions by 
equipment has been achieved, but it is necessary to be 
mindful of predictable effects of operating variables on the 
terminal performance characteristics of equipment and the 
real limitations imposed by physical laws. There is a great 
need for miniaturization, experience, and ingenuity in 
design, but also for a clearer understanding of all the 
factors at play in complex systems. 

“Requirements of the Missile Industry for Accessory 
Power”. R. D. Boyne, Aircraft Accessory Turbine De- 
partment, General Electric Company. 

This was an exceptionally clear insight to the prevailing 
garbled understanding of the forces at play in many 
advanced development areas. Mr. Boyne believes that much 
greater lead time for the development of accessory equip- 
ment than is now permitted is essential if over-all missile 
system developments are to be successful. Recent events 
seem to bear him out, but it is doubtful whether an in- 
crease of lead time (and the resulting reductions in de- 
velopment schedule pressures and manpower requirement ) 
together with an elimination of backup programs will 
increase the probability of development success. 

Not brought out in the paper is the concept that because 
missile art is quite advanced, the expenditures of money, 
time and effort tend to yield only marginal returns and, 
as a result, the vast outlay of manpower and resources 
over an extensive period of time is necessary to realize 
substantial advances in the state of the art. Mr. Boyne 
demonstrated strikingly that vendors of accessory equip- 
ment to the missile manufacturers are almost hopelessly 
trapped by a combination of tight money, changing techni- 
cal requirements, manpower deficiencies, conflicting speci- 
fications, soaring costs, hazy contractual requirements, 
manufacturing headaches of all kinds and too many cooks. 

The discussion of accessory power devices was in reality 
a vehicle for illustrating the problems that burden the 
accessory device industry. While Mr. Boyne’s related 
thoughts on the matter may not serve completely to rectify 
the situation, they are suggestions in the right direction. He 
suggested that design and performance requirements for ac- 
cessory devices be established, much earlier in an over- 
all missile program; that more development money be al- 
located for state-of-the-art advancements in missile acces- 
sories; that the military should critically evaluate the ability 
of accessory manufacturers to demonstrate feasibility of their 
devices within the specified time; that more time be allo- 
cated for product design in a given missile program; that 
industry should be furnished with better information on 
equipment test facilities, and that prime contractors be 
more circumspect in selecting accessory device vendors and 
that they place greater emphasis on the reliability of hard- 
ware even at the cost of moderate penalties in equipment 
performance and sophistication. 
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THESE BEAMS ARE OF EQUAL 
STIFFNESS. Relative Stiffness in 


Bending. based on rectangular 
beams of constant width and equal 
weight: STEEL 1.0; ALUMINUM 
8.9; MAGNESIUM 18.9. 


Maximum 
stiffness with 
minimum 
weight 


Of all structural metals, magne- 
sium has the highest stiffness-to- 
weight ratio. 

Modulus of elasticity for magne- 
sium is 6.5 million pounds per 
square inch; for aluminum 10 
million; and for steel 29 million. 
Stiffness is resistance of a material 
to deflection under a given load 
within the elastic limit. The 
amount of such deflection is pro- 
portional to the amount of inertia 
of the beam multiplied by the elas- 
ticity modulus of the material. 
When a part previously of steel or 
aluminum is being redesigned for 
magnesium, the moment of inertia 
must be increased in proportion to 
the lower elastic modulus of mag- 
nesium to obtain the same stiffness. 
But —the moment of inertia in- 
creases as the cube of the thick- 
ness of the beam. So—very little 
added thickness tremendously in- 
creases stiffness. The net result is 
a slightly thicker section for the 
magnesium part, and a marked 
reduction in weight. 

This is why magnesium is used for 
floor beams in airplanes; for radar 
feed horns and reflectors where 
low inertia and high stiffness are 
required; and for hundreds of 
other similar applications. 

B&P engineers will help you re- 
design in magnesium. B&P offers 
the magnesium industry’s most 
complete facilities for fabrication 
and assembly. Your inquiry will 
bring a descriptive booklet. 


BROOKS & PERKINS, INC. 
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NEW TECHNIQUES 


FLASH X-RAY 
Shooting Explosions with Stills 


Through the smoke and flame of an ex- 
plosion, flash X-ray equipment reveals 
valuable information about shape 
changes and velocities of explosive 
assemblies, charge casings and other 
components. Shape and position of the 
test charge and its components during 
the explosion plus exact duration of 
action provide explosion rates and 
velocities. 

In shooting an explosion, two pictures 
of one charge provide more valid data 
than pictures of separate charges with 
different compositions. Two X-ray tubes 
coupled with a high-speed camera (up 
to one ten-millionth of a second ex- 
posure) fire in pre-set sequence send- 
ing high-intensity beams through the 
exploding test charge to a film plate. 
The system records two shadow pic- 
tures or radiographs of the explosion 
on film mounted up to four inches from 
the charge. Simultaneously, the precise 


Experimental Assembly 
Shield Plates _ 
to Separate 


X-Ray Beams 


Reinforced Concrete Wall 


X-Ray Detector 
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Shadow 
shaped jet charge made with X-ray flash. 


pictures of test explosion of a 


times of the start of the explosion and 
of each picture are also recorded on the 
35 mm film. From this information 
engineers compute the rate of change 
of elements in the explosion. 

The test facility consists of a rein- 
forced concrete, bombproof shelter 
with one steel-covered wall depressed 
into the shelter in the form of a shallow 
V. This V-shape permits beams from 
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Schematic diagram of flash X-ray system and circuitry. 
to the test charge closes sending a signal of the 


At detonation a switch attached 
“first movement” to the sweep 


oscilloscope system. The delay circuits then fire the two X-ray tubes in sequence at pre 
set times to send high-intensity beams through the elements of the exploding test 
charge and create shadow-graphs on a film plate mounted behind the test assembly. 
Each X-ray beam also activates a Geiger-counter detector unit to feed a signal to the 
sweep oscilloscope system. The oscilloscope records on film the precise times at which 
the explosion starts and the two shadow pictures are taken. 
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the two X-ray units, directed through 


wood panel “windows” in the wall, to NOW SIMPLY 


! converge on the test charge mounted 





outside the wall. The arrangement per- MIX AND FIX 
> mits photographing the same explosion WITH 


FIX-MIX 


from different angles at the same dis- 
} tance and at two different times in 
| rapid sequence. 
| Vertical shielding plates are posi- 
: tioned on each side of the charge 
mount to limit the area of film ex- 
+ posed by each X-ray beam to half the 
film plate. This allows two pictures 
to be made side by side on the same 
plate for easy comparison. 

The film is protected by encasing it 
in metal cassettes, or frames, and cover- 
ing it with wood and aluminum panels. 

} To prevent explosive forces from 
damaging the film, the relatively light 


| cassettes ¢ ositioned so they can be iis 
yan in fae an the explosion. Poulter- NEW UNIT PACKAGED EPOXY ADHESIVES 








ay flash. | 
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| Laboratories, Stanford Research Insti- Check these advantages over conventional epoxy adhesives 
ion and | tute, Menlo Park, Calif. for bonding and encapsulating electrical and electronic devices. 
1 on the Circle 166 on Inquiry Card. 
mation , @ Provides a quick, sure, and easy application 
change @ Saves time—just mix within the tube and use 


rene PLATING @ Eliminates human error in measuring out correct amounts of resin and hardener 


@ Adaptable to custom formulations for special applications 


phe @ Avoids danger of skin irritation by eliminating contact with hardener and resins 
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| POSITIVE DRIVE 
during normal operation 


POSITIVE LOCKING 
at power cut-off 


M&T BRIGHT CYANIDE COPPER plat- With New One-Way Torque Bearing 


ing process uses a new combination of 
additives to reduce plating costs and sim- | | SMITH 
- 
Power Driven 




















ce 


plify control. The process also promises 
fast plating speeds, improved brightness 
and other advantages on all common base 
metals. M&T Neochel, a new bath addi- 
tive replacing Rochelle salt, minimizes 
anode corrosion and rough deposits. Two 
brighteners and a wetting agent comprise 
the other additives. 

The solution can be made up with 
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either sodium or potassium salts. Permis- The Smith-Nobak Device permits both tomation, aircraft control mechanisms. hoists, 
a. a shafts to rotate simultaneously. When power transfer tables, conveyors, punch presses, 
sible cathode current densities range from stops, the device prevents further rotation of printing presses, and wherever a positive con- 
10 up to 60 ASF. A wide bright plate the mechanism either from the initial inertia trol of angular position is required. It is 
. ‘ force or from an external force applied from especially adaptable for steering mechanisms 
; range at high cathode efficiency assures anywhere except the original source. The of industrial trucks, tractors, and boats; for 
fast deposition without burning on edges driven shaft is locked in position to prevent feeds into presses, and for boom hoists of 
er dullness in recessed areas | its rotation in either direction. Application derricks. Load ratings from 50% in. to 
i - ‘ . ‘sg of power unlocks the device instantly. 2600% in. are available. Specific recommen- 
Cost of operation is favorable because dation will be sent you on receipt of your 
al of the long life and stability of the addi- The device is finding numerous uses in au- requirement. 
1 attache : . epee Br Shs 8 

| . - tion agents. Stability of the proprietary 4-page Smith-Nobak bulletin and technical data available on request. We also manufacture 

he sweep materials eliminates product decomposi- special ball, roller and thrust bearings to meet customer requirements. 
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Transistorized 
BO x3 YQ" x3 13/16” 
Transformer cased 


Power 
Supplies 


Elasco’s MINiISOURCE power 
supplies, fixed or semi- 
variable, are designed for use 
with transistorized circuits, in- 
strumentation, computer circuit- 
ry, as bias supplies, or any 
application where good regu- 
lation of low voltage is re- 
quired. They are available for 
either 60 cycle or 400 cycle 
operation, for any voltage be- 
tween 4 and 50 volts, and at 


current ratings between 50 
and 500 ma: 

INPUT: 105—125 V AC 
REGULATION: better than 0.5% 


RIPPLE: better than 0.5% 


OUTPUT IMPEDANCE: less than 


0.25 ohms, DC—100 ke 
POLARITY: grounded or floating 
operation 
TEMPERATURE: compensated from 
30 to 65C 
PRICE RANGE: $55—$115 f.o.b. 
Boston 


Send for complete catalogue 


ELECTRONIC 
ASSEMBLY 
COMPANY, INC. 


Five Prescott Street 
Roxbury 19, Mass. 
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® NEW TECHNIQUES 


AUTOMATIC GEAR CHECKING 


Concentricity: No More, No Less 


An automatic gear monitoring unit in- 
spects spur or helical gears for con- 
centricity, passes parts within prede- 
termined tolerances, and shunts others 
from the system. Conjugate rolling ac- 
tion of a master gear in mesh with a 
gear being inspected transmits concen- 
tricity information to preset controls 
for appropriate action. 

Complete concentricity-checking cy- 
cle per gear is six seconds with ac- 
curacy of tolerance adjustment limited 
only by error in the master gear and 
reading of the indicator when limits 
are set. 

The unit, initially designed for short 





Gears in process of inspection. Gears enter 
concentricity checker by gravity and roll 
into shuttle slide. Advancing shuttle 
meshes part with master gear and trips a 
limit switch to actuate a push-type dia- 
phragm arbor. The arbor enters, adapts 
itself to the hole size of part, and holds 
it under and in mesh with master. Part is 
first rotated clockwise in mesh with mas- 
ter. Pivot arm of master raises a_ slide 
assembly to high limit of ‘eccentricity of 
part in which position the slide assembly 


planetary gears of automatic transmis- 
sions, is available in a range of sizes 
to suit automotive and other gears. It 
is designed for integration into auto- 
mated production lines with electrical 
operation from a central control panel 
Operation of the equipment is_ illus- 
trated. 

Allied units consist of a blow-off 
device to clean the gears, a probe-type 
size checker or “3-way” classifier to 
reject over and under-sized gears, and 
a parts elevator to feed the concentric- 
ity checker. Michigan 'Tooi Company, 
Detroit, Michigan. 

Circle 165 on Inquiry Card. 


REJECT 


CHUTE 


locks and pivot arm makes contact with 
a micro-switch. Part is then rotated coun- 
terclockwise. If a predetermined amount 
of eccentricity or more is present pivot 
arm of master drops enough to break con- 
tact with the micro-switch and allow re 
ject chute to open. If contact with the 
micro-switch is not broken, gear is ac- 
cepted and rolls down skew loader for 
other processing. Indicator gage is mounted 
on top of the unit. 
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Pressure and Liquid Level 
Transmitter 


A newly designed pneumatic pressure 
and liquid-level transmitter measures 
pressures as high as 250 psi or ranges 
from as low as 0 to 100 inches of 
water. Operating on the simple force- 
balance principle, the unit transmits a 
linear 3-15 psi signal to a recorder, 
indicating gage or manometer. It is 
especially suitable for those services 
involving viscous fluids or materials 
that would solidify in conventional 
pressure transmitters. It can be 
mounted either horizontally or ver- 
tically on both open and closed tanks. 
No dip tubes, floats or other mechani- 
cal devices are required inside the ves- 
sel. Only the corrosion-resistant Inconel 
X diaphragm is wetted by the meas- 
ured material. The transmitter design 
éliminates the possibility of measured 
material backing up into air lines in 
the event of pressure diaphragm rup- 
ture. Ranges can easily be changed in 
the field. Conoflow Corp., Phila., Pa. 
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WORTH FILING 
V-Belt Drives 


108-page manual gives comprehensive 
information on selection and operation 
of V-belt drives. Sections cover stand- 
ard, variable-speed and special drives, 
taper-lock sheaves, sealed-life V-belts, 
and taper-lock bushings and hubs. En- 
gineering drawings and exploded views 
illustrate technical sections of the 
bulletin, which contain comprehensive 
tables of pre-engineered drives, making 
the selection of a complete drive quick 
and easy. Other tables give horsepower 
capacities, belt speeds, center distances, 
sheave diameters, and other data when 
special drives are required. Indexed for 
convenient reference. 


Source: Dodge Manufacturing Corp., 
Mishawaka, Indiana 


For your copy: Circle No. 204 on Inquiry Card 
NOVEMBER-DECEMBER 1957 

















The value 
the equipment! 


SK New, unique plunger seal design 


e@ Soft rubber seal assures bubble- 
tight sealing. 


@ Completely dependable for mil- 
lions of cycles. 





@ Full operation in any position. 


@ Stainless steel internal construc- 
tion, brass body. . 


e@ Easy to disassemble and clean. 
@ Smaller... Lighter. 


Last longer than other valves... yet cost only $6.50 
ANOTHER VALCOR ENGINEERING EXCLUSIVE 


VALCOR SV- 4900 series...2.35” high by 1.50” wide...available 7/64 orifice 
rating 130 PSI max. and 5/32 rated 60 PSI max. ...for use with water, air, 
steam, inert gases, petroleum and vegetable oils, gasoline, kerosene and many 
other semi-corrosive media...and they are stocked for off-the-shelf delivery. 


WRITE for VALCOR Catalog 105, plus information 
on the many VALCOR valves available. 





VALCOR ENGINEERING CORP. 


DEPT. 717, CARNEGIE AVE. 
KENILWORTH, N. J. 
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Maybe you don’t manufacture vitamin pills. Perhaps you 
can’t even swallow one. But you may have a similar com- 
plex counting problem the ordinary Counter can’t solve. 
If so, the Autron NEURON Counter might be the answer, 
as it was for Operation Vitamin (see above). It subtracts 





as well as adds (see below). 


The *““NEURON” counters epitomize the most 
edvanced electro-magnetic counter technology, 
featuring high speed (to 60 PPS), long life (in 
excess of 300 million cycles), pulse reset, switch 
readout, bi-directional drive (add and subtract), 
and small size. These precision units may well 
be the answer to your tabulation problems. 


lution pe 


ENGINEERING, INC. 
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Subminiature Microsyn 


A self-contained microsyn, approximately 
one inch in diameter, one inch long, and 
1.2 ounces in weight, has a sensitivity of 
500 millivolts per degree with a threshold 
of 0.01 degree at 20 volts excitation and 
linearity within 0.5 precent to 7 degrees. 
Intended for use wherever there is need 
for accurate translation of angular dis 
placement into electrical 
miniature units may be used in such appli- 


signals, these 


eations§ as 
control 


position-indication of gyros, 

follow-up devices, computation, 

process control, motion and torque ampli- 

fication. Lear, Inc., Grand Rapids, Mich. 
Circle No. 190 on Inquiry Card. 





Compact Precision Pot 


High resolution and linearity, with re- 
sistance ranges from % ohm to 350 K 
ohms, in a space only 1-1/16 inches 
diameter by % inch deep make the new 
Waters WP 1-1/16 precision potenti- 
ometer especially useful for linear and 
non-linear applications in miniaturized 
apparatus. Standard linearity is 0.5 
percent and linearities of 0.25 percent 
and better can be attained on most 
specifications. Housed in an anodized 
aluminum case, shaft diameter is 1/8 
inch. Turret-type terminals are mount- 
ed on a fungus-proof insulating board 
of Epon-glass laminate. Special me- 
chanical accuracies for the shaft and 
pilot orientation are possible. Waters 
Manufacturing, Inc., Wayland, Mass. 
Circle No. 181 on Inquiry Card. 


ELECTROMECHANICAL DESIGN 


‘ 





* 








infrar 


New s 
signed 
under 
agery 
spheric 
object 
length 
sonabl 
micron 
to 12 
are av 
length 
Design 
12 in 
£/2.0 < 
Americ 


Miniat 


Ruggec 
Timer, 
applica 
tions w 
the con 
is adap 
equipm 
resonan 
end of ; 
is avail 
seconds 
Hartfor 


C 


NOVEMB 


— 


ximately 
yng, and 
tivity of 
hreshold 
ion and 
degrees. 
is need 
lar dis. 
s, these 
*h appli- 
gyros, 
yutation, 
e ampli- 
Is. Mich, 
4. 


one mene eae 


mn 


with re- 
» 350 K 
} inches 
the new 
potenti- 
ear and 
aturized 

is 0.5 
percent 
on most 
inodized 
r is 1/8 
» mount- 
g board 
vial me 
vaft and 
Waters 
Mass. 
d, 


L DESIGN 





- 





> 





re ee re 





COMPONENTS 














infrared Meniscus Lenses 


New single-element infrared lenses, de- 
signed to give optimum pertormance 
under conditions where achromatic im- 
agery is not required, have minimum 
spherical aberration when imaging an 
object at infinity at a dominant wave- 
length of 34% microns. They have rea- 
sonably good performance from 2 to 5 
microns and good transmisison from 1] 
to 12 microns. Anti-reflection coatings 
are available for any specified wave- 
length in the 1 to 6 micron range. 
Designs include focal lengths from 2 to 
12 inches at relative apertures of 
f/2.0 and £/4.0. Servo Corporation of 
America, New Hyde Park, New York. 
Circle No. 176 on Inquiry Card. 
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Miniature Bell Timer 


Rugged, miniature “Mark-Time” Bell 
Timer, designed for “built-in” timer 
application, can be mounted in loca- 
tions where space is not available for 
the conventional size units. This timer 
is adaptable to a variety of industrial 
equipment or appliances where a clear, 
resonant bell signal is desired at the 
end of a specific time period. The timer 
is available in timing ranges from 60 
seconds to 5 hours. M. H. Rhodes, Inc., 
Hartford, Conn. 


Circle No. 187 on Inquiry Card. 
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Electroforming 





New Latitude 
in Design 


Improvements in electroforming, a re- 
latively new production technique, now 
permit this process to be applied to 
the production of high precision elec- 
tro-mechanical components. It is now 
used in the production of metal shapes, 
especially those of tubular, conical or 
cup-like parts, more economically than 
by deep-drawing or other operations in- 
volving more than a simple swedging 


or stamping. 


Basically the electroforming process in- 
volves the electrodisposition of a lay- 
er of metal on a master mandrel and 
the subsequent removal of the plated 
shell so that a self-supporting part or 
formed article, not a mere coating, is 
produced. In forming complicated 
shapes that involve undercuts, the man- 
drels are made of low melting alloys 
that 


bath. 


can be melted out in a hot oil 


Electroformed interior surfaces 
achieve highly reflective mirror finishes 
without polishing and produce an ex- 
tremely high degree of density without 


porosity. 


High precision parts are now being 


electroformed from _ nickel, copper, 


iron, silver, lead, tin, cadmium, zinc. 


cobalt, indium, and chromium. 


Laminates of metal to metal can be pro- 
duced in various thicknesses by depositing 
one metal over another. 





Instrument float made in one piece with a 
wall thickness of 0.005" eliminates the need 
for any welding or soldering operations nor 
mally used in joining halves. 





for 


Left: Pendulum 
within 0.001”. 


gyroscope concentric 


>} 


Right: Magnetron cathode support made 
high-purity electrolytic nickel. 





Feel free to send us prints or 
samples for our engineering com- 
ment and quotation. No obliga- 
tion or charge, of course. 











CAMIN LABORATORIES, INC. 


104 South 4th Street, Brooklyn, N. Y. 
FOR MORE INFORMATION CIRCLE 63 ON INQUIRY CARD 
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the most versatile 
temperature test chamber 
for laboratory or production line 


Statham 


MODEL 


TEMPERATURE 
TEST CHAMBER 


THE STATHAM MODEL TC-4 portable 
Temperature Test Chamber has proven 
its versatility and value for years 
in such fields as the Aircraft, 
Electrical, Electronic, Automotive, 
and Chemical industries. Its wide 
Operating range —from —75°F to +600°F 
makes it the ideal solution for testing 
small products, basic instruments, 
electronic subassemblies, transistors 
and semiconductors, mechanical 
components, paints, foods, dyes, textiles, 
organic materials, plastics, rubber, etc. 
Among its many features, the Model TC-4 
Temperature Test Chamber offers an 
economical solution to product testing 
as well as freedom from delays, attendant 
upon scheduling time in the larger 
test chambers. Accurate adjustable 
temperature control, wide temperature 
range, and a product capacity of 600 
cubic inches provide the most versatile 
test chamber available for your testing needs. 


EXTRA TRAYS Addi- WINDOW TRAYS Also 
tional interchangeable available are Window 
trays are always Trays, which allow 
available and afford visual inspection or 
another time-saving photographing of the 
advantage. product under test. 


Write for descriptive literature on this and other ° 
models, or wire or call for prompt reply on your application. 


$700.00 


F.0.B. 
abi LOS ANGELES 
DEVELOPMENT CORPORATION 


12411 West Olympic Blvd. « Los Angeles 64, Calif. » GRanite 7-9157 
FOR MORE INFORMATION CIRCLE 64 ON INQUIRY CARD 




























Miniature Synchronous Motor 


A new permanent magnet synchronous 
motor rated 60 inch ounces at 1 rpm 
has been designed for application in 
high speed controllers, counters and 
metering devices and is available in 
speeds from 72 rpm to 2 rpm. It has 
low input (2.5 watts), small size, 
(1-5/16” depth dimension) and a max- 
imum temperature rise of 35°C. Reach- 
ing synchronous speed within 2 cycles 
of powerline frequency, this motor also 
provides instant stop due to low rotor 
speed (240 rpm on 60 cycles) and 
magnetic braking effect. Its inherent 
accuracy is obtained through a pre 
cision gear train composed of hobbed , 
gears and steel pinions bearing on high 
carbon steel studs driven into heavy 
gage brass plates. Oilite rotor bearings 
with a built-in lubricant reservoir, per- 
manent gear train lubrication, bronze 
output shaft bearings with steel ball 
thrust bearing, and stainless steel out: | 
put shaft, provide maximum service} 
life. Capable of operating in any posi-} 
tion, the motor is available for either | 
left or right rotation in all speeds. It is} 
available for operation on a-c power 
sources up to 250V., 60 and 50 cps, 
Cramer Controls Corporation, Center 
brook, Conn. 
Circle No. 194 on Inquiry Card. 
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Semi-Adjustable Time Delay Lines 
The delay length of this new delay line 
may be specified by user and is adjustable 
over a range of 5 micro-seconds. Adjust} 
ment is made by turning a sleeve along 
the threaded body. Intermediate pickof 
may be specified as required. Body diam 
eter is 14 inch maximum, while length 
of tubular casing depends on the delay} 
factor. Deltime, Inc., Mamaroneck, N.Y} 

Circle No. 172 on Inquiry Card. ; 


-_ 


ELECTROMECHANICAL DESIGN 


Ag 


NEW 
SERT 
alloy 
comp! 
A nev 
ancho 
the n 
from 
nylon 
origin: 
screw 
ciable 
nylon 
stant 
dampe 
and r 
exists 
screw 
agains’ 
locknu 
mating 
The 
corrosi 
be use 
applice 
The ny 
to pra 
and we 
ducer 





Precio 


Preciou 
windings 
diamete 
J. M. | 
availab] 
inum-si’ 
Sistivity 
Paliney 
silver-cc 
200 oh 
furnishe 
contacts 
Wire fo) 

( 


NOVEMB! 





i 


hronous 
: 1 rpm} 
ation in 
ers and 
lable in 
. It has 
all size | 
1 a max- 

_ Reach- ; 
2 cycles 

ator also 

yw rotor 

es) and 

inherent 

. a pre) 
hobbed | 
on high 
o heavy 
bearings 
oir, per- 
, bronze 
teel ball 
teel out: 
service 
ny posir } 
or either 
eds. It is 
Cc power 
50. cps. 
~ Center- 











y 


rd. | 
; 





y Lines 
delay line 
adjustable 
ls. Adjust 
eve along 
te pickoll 
ody diam 
ile length 
the delay} 
eck, N.Y. 


ard. , 


| 
’ 


AL DESIGN 





NEW LINE OF GRC NYLON IN- 
SERT LOCKNUTS has die-cast zinc 
alloy hex nut body and molded nylon 
compression collar for locking element. 
A new manufacturing approach firmly 
anchors the unthreaded nylon collar in 
the nut body preventing the collar 
from turning or breaking out. The 
nylon collar tends to return to its 
original shape when removed from the 
screw permitting reuse without appre- 
ciable reduction in locking torque. The 
nylon locking element maintains a con- 
stant grip on the screw threads, 
dampens vibration, seals out moisture, 
and resists loosening. Locking effect 
exists at any point along a mating 
screw even if not tightened down 
against a seating surface. This new 
locknut will not cause damage to 
mating screw threads. 

The die-cast nut body is rustproof 
corrosion resistant zinc alloy and can 
be used for most indoor or outdoor 
applications without a protective finish. 
The nylon molded collar is impervious 
to practically all chemicals, solvents, 
and weathering condition. Gries Repro- 
ducer Corp., New Rochelle, N. Y. 

Circle No. 152 on Inquiry Card. 






Precious Metal Wire 


Precious metal wires for resistance 
windings are now available down to 
diameters as small as 0.0005 from The 
J. M. Ney Company. The two wires 
available are Ney-Oro G, a gold-plat- 
inum-silver-copper alloy with a _ re- 
sistivity of 80 ohms per CMF; and 
Paliney #7, a palladium-platinum-gold- 
silver-copper alloy with a resistivity of 
200 ohms per CMF. Both wires are 
furnished bare or enameled, as sliding 
contacts or wipers, and in standard 
wire forms or to specifications. 
Circle No. 210 on Inquiry Card. 
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BACKSTOPPING + 


CLUTCHES 


10 STANDARD 
CLUTCHES 


to cut your costs! 
for OVER-RUNNING 





Proven in hundreds of applica- 
tions —Time after time Precision- 
spring Over-running Clutches have 
outperformed other clutches at 
higher speeds with longer life and 
less maintenance—at lower cost. 


10 standard models now in stock 
— Today you can get all the 
advantages of Precisionspring 
Over-running Clutches right off the 
shelf. Standard models in 8 to 200 
Ibs.-in. torque Capacities are 
available to help you improve your 
product by replacing the clutching 
device now being used. 


Get your copy of Bulletin SP-20 
—If you are now producing any 
kind of mechanism that must over- 
run, backstop or index you will 
want to check all the facts about 
these cost-saving Standard 
Precisionspring Clutches. 
Bulletin SP-20 gives com- 
plete engineering informa- 
tion. Write to the home 
office, 1145 Galewood 
Dr., Cleveland 10, Ohio 
—or phone GLenville 1-4800. 


MARQUETTE METAL PRODUCTS DIVISION 


CURTISS-WRIGHT 


CORPORATION © CLEVELAND 10, OHIO 


INDEXING 





50 Ibs.-IN. 


o~ 





WW 
\ 


90 Ibs.-IN. 


RS 





All Illustrations 
Actual Size 





Branch offices in 
NEW YORK © PHILADELPHIA 
ROCHESTER © LANSING 
CHICAGO © DAYTON © TULSA 
HOUSTON © LOS ANGELES 
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STAFF COLUMNIST 


for maximum reliability 
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have been invited. The Society is inter-disciplinary in scope, | © Be 
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towards the medical and physiological factors involved in 








MORE DESIGN FREEDOM 





man-machine and man-environment problems. The _ first 
issue of the Society’s new International Quarterly Journal 





is due this month (November. The Journal will be available 


accurate motion 


~ transfer 









in the United States through the Academic Press, Inc, } 
111 Fifth Avenue. New York 3, N.Y.). 


, . . ry ? 
In September, a meeting was held in Tulsa, Oklahoma, | 


for the purpose of organizing the Human Factors Societv of 





——— id :!s/,a«—«* | 


without America. The Society was conceived in June 1956 when a 
group of Southern California engineers, psychologists, physi- 

complicated ologists, anthropologists, medical doctors and other special- 
: ists met for this purpose in Los Angeles. As stated in its 
gearing... Constitution, the Society “has been organized to increase 


and diffuse the knowledge of man-machine factors in all 
its ramifications, pure and applied, to promote the mutual 
interests of investigators of man-machine-environment prob- 
iems, of supporting sciences, of designers, manufacturers 
and users of products and apparatus of all kinds related to 


SIERRA MINIATURE MECHANICAL 
CHAIN AND SPROCKETS... 











distance. Write 
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ognized as Division 21. Although the membership consists ' 
Sierra Madre , California 


| principally of psychologists, other scientists interested it) 
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this Division. Information may be obtained from the Ameri- 
, can Psychological Association, 1333 Sixteenth Street, N.W., 
Washington, D. C. 

There are also two groups within the American Society 
of Mechanical Engineers, 29 West 39 Street, New York 
City. In the Management Division, a committee on Human 
Factors in Engineering has been active for some time. In 
December, it will participate in the Annual Mceting of the 

ASME in New York and present a number of papers on this 
’ topic. Also, a Human Engineering Committee has been 
, functioning within the Aviation Division in Berkeley, Calli- 

fornia. It proposes to present papers at the Dallas, Texas, 
| meeting of the Division in March 1958. 

A series of papers were presented at the Pacific General 
Meeting of the American Institute of Electrical Engineers 
late in August 1957. The Fifth Annual Navy Human Engi- 
neering Conference was held in Tulsa in September. There 
is to be a National Symposium on Human Factors in Sys- 
tems Engineering in Philadelphia, December 3-4, 1957, 

| sponsored jointly by the Human Factors Society, the Insti- 

| tute of Radio Engineers (Philadelphia Section) and the 
nied | IRE Professional Group on Military Electronics. The Ameri- 
neinee, can Management Association is conducting a three-day 
ngineer ° : : P . 
Jone in! Seminar on Human Engineering in New York. November 
unt that | 95-27, 1957. Other engineering groups have become in- 
erated ’ terested in this field. 

With so much activity by so many professional groups in 

; 





id other ; 
so many sections of the country, it would appear that 
Human Factors Research and its applications to design 


sell problems is obtaining the consideration it should by engi- 
- nail neers. Unfortunately, this holds true only in the design of 
1 States military equipment. It is my hope that eventually the know]- 


> edge being developed will be applied to all appropriate 


n scope, E . : 
P engineering design. 
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his ares! CHROMALOX Electric Strip Heaters 
»a num-+ Quickly and easily bolt 


Lengths 4” to 96” Widths 4%" to 2%" 
Cross-section curving or lengthwise bending. 
Ring Diameters 24" to 11” 


or clamp Chromalox 
Electric Strip Heaters to 
your platens, dies, kettles, 


existing 
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CLIPS for JETEC “30” 





Atlee part #100-245 illustrated above. 


Available as follows: 


#100-245 Cadmium Plated Spring Steel 
for horizontal or vertical mounting 
#101-345 Silver Plated Beryllium Copper 
for horizontal or vertical mounting 
#+101-334 Silver Plated Beryllium Copper 


with no-twist lug or solder lug 


All clips may be supplied coated with Durafilm 
“L” to provide 500 V.D.C. insulation. Atlee clips 
are available for all RETMA case sizes. 

Send for APPLICATION DATA SHEET — lists 


the proper Atlee clip for use with each transistor 
on the market. 


ATLAS E-E CORPORATION 


47 Prospect Street * Woburn, Massachusetts 
3757 Wilshire Blvd. . Los Angeles, California 
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= METER-RELAYS 
FROM O-5 MICROAMPERES - UP 


Ruggedized-Sealed, Black Bakelite or Clear Plastic Cases 


D’Arsonval indicating meters with built-in locking contacts 
for sensitive and accurate control or alarm 





TRIP POINT ADJUSTABLE to any point of 
scale arc. Sensitive to changes as little 
as 1%. One contact carried on moving 
pointer. The other on an adjustable 
pointer. When two pointers meet, con- 
tacts close and lock. Holding coil is 
wound directly over moving coil, lock- 
ing action is electro-magnetic. Reset can 
be manual or automatic. Spring action in 





contacts kicks them apart forcefully. 


Model 255-C, Single Contact, 
High Limit, 0-10 Volts DC 


$42.50 
Ranges from 0-5 microamperes or 0-5 
millivolts up, full scale. Temperature 


ranges from 0-300°F. (10 ohms external) 
have bimetal cold junction compensation. 
Standard Contact Rating 5 to 25 milli- 
amperes DC. Can be built up to 100 
milliamperes DC. 
Ruggedized-Sealed metal 
242", 3%" and 442” 
mounted, gasket-sealed. 
Black Bakelite case, 4/2” rectangular. 
Clear Plastic cases are 2'2”,3%”", and 
42” rectangular. Maximum visibility and 
lower cost. 
Panel meters and indicating pyrometers are also available in ruggedized- 
sealed, black bakelite or clear plastic cases. New 40-page catalog lists 
prices and specifications for meter-relays, meters, pyrometers and auto- 
matic controls using meter-relays. Write for Catalog 4-D, Assembly 
Products Inc., Chesterland 83, Ohio. HAmilton 3-4436 (West Coast: 
P. O. Box XX, Palm Springs 83, Calif. Phone: Desert Hot Springs, 
FAirview 9-2551). 
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Model 461-C, Double Contact 
10 0-10 Microamps DC $75.75 
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Precision Exten§ion Spring Design 


+ 


O. G. Meyers and ©, L. Albright\ Hunter Sprinc Company, LANSDALE, PA. 















This is the second of two articles. The first 
appeared in the September-October 1957 issue 
of ELECTROMECHANICAL DESIGN and 
described a simplified method of design for 
precision compression springs. This article is 
complete in itself and describes a similar 
method for the design of precision extension 
springs. Where it is appropriate to do so, the 
information in the two articles can be used 
interchangeably. The spring charts, from 
either article. can be used for either com- 
pression or extension spring design. To help 
you locate information in the two articles it 
might be stated that, in general: 

@ Information pertaining to both types of 
springs but only to carbon alloy steel wire will 
be found in the compression spring article 
e@ Information pertaining to both types of 
springs but only to music and stainless steel 
wire will be found in the extension spring 
article 

e@ Information common to both materials and 
both types of springs will be in both articles 

e@ Information appropriate to the design of 
only one of the two types of springs will be 
found only in that article. 


FOR ONE FREE REPRINT OF BOTH ARTICLES 
CIRCLE NO. 163 ON READER INQUIRY CARD. 











yr article presents you with a simplified but complete 
design procedure for precision, round-wire, close-wound 
helical extension springs. The design procedure, a step-by- 
step approach, is simplified in that charts and graphs eli- 
minate much tedious calculation. However, this simplified 
procedure does not neglect any consideration affecting 
spring performance in precision applications, as do so many 
so-called “simplified design procedures.” 


THE SPRING CHART 


Load and deflection values in each square of the Spring 
Chart represent a unique music wire or stainless steel 
spring whose wire diameter (d) and outside coil diameter 
(D) are given at the top and along the edge of the chart. 
Within the square you will find the spring load (P) listed 
above, with the deflection per coil (f) noted below it. 

The loads indicated are based on a service life of 50,000 
cycles at 0.50 stress ratio. For other conditions relating to 
fatigue life, stress ratio, material, types of end, etc., cor- 
rection factors are: 

e A—Correction factor for stress range, life cycles, and 
spring material ( Table I) 

e U—Correction factor for torsional shear modulus (Table 
II) 

e W—Initial tension factor (Fig. 2) 

e Ri—Wahl stress concentration factor (Fig. 3). 

The basic stress (S) for each wire size, noted in the 
right-hand margin of the charts, will be useful in later 
stages of design. Formulas permit you to interpolate P 
and f values for intermediate coil diameters within the 
chart. 


EXTENSION SPRING DESIGN PROCEDURE 
I. APPLICATION REQUIREMENTS 


As with compression springs, you can determine spring 
forces (initial and/or final loads and the gradient) for 
any given application by one or more of four commonly 


ELECTROMECHANICAL DESIGN 
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used methods: theoretical calculation, empirical estimation, 
trial-and-error and direct measurement. 

You must make a tentative selection of material before 
starting the basic calculations for design. Considerations 
in this selection may include cost, strength and endurance, 
availability, corrosion resistance, stability at elevated tem- 
peratures, and magnetic properties. If you select carbon or 
alloy steel wire, use the spring chart in the previous article 
(September-October 1957) on compression spring design. 


Il. BASIC SPRING CALCULATION 


Stress ratio and fatigue life are taken into account by a spec- 
ial treatment of the actual load requirement through the use 
of the “A” factor (Table I) for the purpose of selecting a 
proper wire size. This gives a “corrected load” value which 
is the permissible load for the same spring if operated under 
the standard “chart condition” of 50,000 cycles and 0.50 
stress ratio. An additional factor of 1.3 further compensates 
for the higher stresses normally encountered in extension 
spring hooks. This value assumes a hook diameter equal to 
the coil diameter. If you anticipate a critical space problem, 
the use of a reduced hook diameter (0.75 times coil dia- 
meter) eliminates the need for the 1.3 multiplier and re- 


duces the over-all space requirement. Reduced ends entail 


additional manufacturing cost which diminishes for greater 
production quantities. 

The first actual selection is made in Step 4 of the design 
procedure example by turning to the spring chart. When 
you have established a “corrected load,” P,, the chart blocks 
having values P equal to or slightly greater than P, offer 
you a choice of several springs. From these an optimum 
0.D., based on space limitations, should determine the 
most desirable spring. 

Before discarding alternative springs, it is well to observe 
that, in the later stage of design, any single O.D. or wire 
size selected could dictate an undesirable spring length or 
some other condition calling for a consideration of other 
possible O.D.’s. To this extent, the design procedure can 
occasionally lead to a relatively simple trial-and-error 
process. As you become more familiar with the procedure, 
your foresight and ability to make simple mental calcula- 
tions will help you select correctly the O.D. and wire size 
(with related deflection-per-coil, f) on the first attempt. 

The chart areas left blank represent values of spring 
index, D/d, that would be of little general interest or 
impractical to manufacture. When possible, avoid the fringe 
areas of the chart—the extreme high or low index figures. 
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A—CORRECTION FACTOR for STRESS RANGE, LIFE CYCLES and SPRING MATERIAL 



























































PoP, CYCLES 
MATERIAL “Pe | 5,000 | 10,000] 50,000 | 100,000] INFINITE 
2 
MUSIC WIRE Bb 120 1.23 | 1.06 A | 
So] i 7 1 7] 100 6 12 
st on i? OT S 652 
1.00 1 1.08 864 m1 55 
STAINLESS STEEL 25 38 899 835 807 m 
TYPE 302 (18-8) 50 885 B45 158 120 4M 
1S 853 803 485 £4 5u 
1.00 826 761 15 552 AV 
Table I 





U—CORRECTION FACTOR FOR TORSIONAL SHEAR MODULUS 


Music Wire 1.0 Stainless Steel 833 











Table II 



























































HOOK TYPE NOT LESS THAN | NORMAL | NOT MORE THAN 
| @ @ |1| tee Norma! ID Use Normal 
THO © /2 Use Normal ID Use Normal 
TD ) 3 | Use Normal Y% ID Use Normal 
- 4) 4 : nh 1,1 1D 
MD>@O/\s| wo | - 5 1D 
™— @ |« ro thet No Limit No Limit 
> @M 7 _ No Limit 

® Ol mr 
7) O | — | No timi 

: -o © = af No Limit 








* This might not apply for large indexes. Consult manufacturer. 


Table I1]--Length limits for common extension 
spring hooks. 


The load, P, is that taken from the spring chart—a value 
equal to or just greater than the required P,. Directly 
below it, in the same chart block, is the deflection per coil, 
f. in inches, to be used later in calculating number of coils 
for a given gradient, K, or deflection, F, for a fixed number 
of coils. At the far right of the chart is the basic stress, S, 
in thousands of pounds per square inch. The factor U— 
correcting for torsional shear modulus of the material—is 
given in Table II. 

A certain angular relationship is often desired between 
the ends of an extension spring. The number of active coils 
as computed from the tabular data in Step 5 will rarely 
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Spring Charts: LOAD AND DEFLECTION VALUES FOR COMPRESSION AND EXTENSION 
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DIAMETER 
wine | OUTSIDE DIAMETER OF SPRING —— PREFERRED NUMBERS 
bee? | : — ; 1,200) 1.250} 1.30¢ 
| *d 040 | .050 | .060 | .070 | .080 | 090 | .100 | 120) .140 | .160 | .180 | 200 | .220| .240 | .260 280 | -300 | .320| .340 | .360 | .380 | 400) .450; 500) 550; 600) .650) .700 | 750 800} .850/ .900 
+ + 
| 6747| 5594) 4757| 4120 | 3624] 3249] 2934] 2463] 2124) 1866] P | 
| 008 | 0035s) 00673 | .ov0e7 | ov4si |ovese | oes | 0338| sti) o7es| 96s) ¢ | | = 
p | .7722| .6623| 5750 | 5095] .4546| .4121 | .3460| .2982| .2623 | .2340 | 
009 | + | onser| ones | 01327 | o1ese| 0246 | 0316 | 0401 | 0682 | 0919 | 1190 
1.046 | 8972] .7841 7 6942| 6218 | .5618| .4730| 4082] 3589] 3202 | 2892 | r' 
010 | 00446 | 00672 | 01128 | orsee | 07122 | 0273 | 04z0| osse| aoe | 1049 | 1322 
| 
| 1.167 | 1.026 | 9105 | 8170 | .7411 | .6236| .5377| 4727 | 4206 | 3812 | 3477 
on | 00625 | 00958 | 01361 | 01834 | 0738 | e368 0575 | 0712 | osze | 1172 | 1445 | 
1.496] 1.313 | 1.171) 1.056] 9574| 8056] 6953) .6115| 5461 | 4934] 4500] 4136 
012 | 00532 | 00824 | 01184 | 01608 | 0210 | 0326] .e46a| 0638 | 0833 | 1054) 1302) 1576 
1.640 | 1.465] 1.319| 1.201| 1.012] 8759] .7701| 6876| .6214| 5670| S214 | 4823) 4487 | 
.013 00709 | 01028) 01406 | o1ee6 | 0789] ors) 0571 | 0747 | ogee] 174] 1423 | 1696] 1993) | | 
| 2.009| 1.791| 1.628) 1.479| 1.254) 1.079| .9517| 8504| .7686| 7016] .6448 | 5967] .5555| 5196 ie | 
014 || 00612 | 00894| 01240 | 01663) 0758] .0375| .0514| .0675| o8se| 1064 1282 | 1542] 1814] 2009 | Log ——— 
*| 2.605] 2.359] 2.160] 1.837/ 1.591 | 1.3996 | 1.254| 1.131| 1.034] .9512 | 2806] .9205| .7669| .7205| 6792 | 
016 | | 9068s | 00973 | 01303 | 0210| .0308| 0425 | e563 | 0717| 0993 | 1088 | 13061 | .1596| 1787 | 2060) 2350 a 
1 
| | 3.276 | 2.989| 2.564] 2.237| 1.972 | }.760| 1.595] 1.454] 1.339 | +240] 1.154] 1080] 1.015] .9576| 9058 | 8590 
018 | | 00776 | 01047 | 01728) 0258) 0358 | “oars | 0611 | .o762| e931 | 1116] .1318| 1599| .1776| 2030] 2301 | 2500 —— 
| 4.016 | 3.445] 3.011| 2.666| 2,388] 2.157] 1.975] 1.816 | 1.683| 1.567) 1.466| 1.378) 1.299| 1.230] 1.167 | 1.110 
.020 | uons7 | .01436/ .0217| 0305 | oven | 0524} o6ss| onos | ogee | 114! 1341 | 15st | 1774 | 2018) 2268 | 2539 
44gi| 3.936| 3.495| 3.134] 2.843] 2593] 2394 | 2.216| 2.062| 1.931] 1.816] 1.713) 1.622] 1538 | 1.464] 1.306 
.022 or700| over | 0761 | 0352 | 0456| .0573| 0706 | onse| 1008) 1101 | 1368| .1568| 1782 | 2008 | 2250| 2914 
5.701} 5.002| 4.462 | 4.016 | 3.646] 3.332] 3.062 | 2939] 2.650| 2469| 2.331] 2.199| 2.081| 1.975 | 1.880] 1.678| 1.514 
024 | o10r4| 1570 | 0226 | 0306 | 0400 | .es04| 0670 | o7ee| nga! 1043 | 1215| 1395 | 1587 | 1791 | 2008] 2608) 3283 | 
| 6.232| 5.583 | 5.032| 4574| 4.188| 3.846 | 3571| 3.309| 3.122| 2.935] 2.770| 2621| 2.488 | 2.368) 2.114) 1.908] 1.741 
026 | 01347 | 01960 | 0768 | 0352] 0446 | 0552 | 0667| .0797| 0997 | 1008| 1251 | .1425| 1610 | .1997| .2951| 2965| 3654 | 
| | 7.482 | 6.812 | 6.209| 5679| 5.230 | 4.862 | 4536| 4.252 | 3.998| 3.767 | 3.568| 3.386 | 3.226| 2.879| 2602| 2.372 | 2.180 | 
.029 } | | 01586 | 0221 | 0287| .0373| .0463 | 0565| 0676 | .0798| 0828 1068 | 1220] .1381 | 1553] .2123| .256¢| 3163 | 3028 cm. 2 if 
| 8.940 | 8.083 | 7.410] 6.801] 6.287 | 5.833| 5.442| s098| 4.798] 4537] 4.285| 4.072 | 3875] 3.459] 3.127| 2852 | 2621] 2.425 | 
031 | 0130s | 0931 | 0767| 0331 | 0414 | 0506| 0606 |. .0716| 0836 | 0965 | 1001 | 1248 | 1405| 1925 | 2328 | 2078 | 3485) 4151 | ————$— 
9583 | 8.776| 8.085| 7.498 | 6.950| 6488) 6.089| 5.728) 5.4i0| 5.171 | 4.862 | 4.630| 4.133| 3.738| 3.410 | 3.132| 2900] 2698 | | 
033 | a17t) | 6230] 0897 | 0374 | 0457) 0549 | .0651| .0761| nee | .1007| 1142 | 1206| 1684| 2139| 2648 | 3209| 3828) 449 | | 1 
| | 11.28] 10.28] 9524] 8.800 | 8.193] 7.655| 7.178 | 6.759| 6.380 | 6.050 | 5.744 | 5.463| 4.886 | 4.412| 4.027 | 3.701] 3.425| 3.188 | 2.982 | 
.035 [a ois2e | 705| 0268 | 0337 | 0415] e500 | .osse| 0695 | .osea| 0923 | 1048 | 1180) 1552 | 1971 | 2404 | 2966] 3540 | a166 | naa ss 
| | | 11.95] 11.08] 10.28 | 9.560] 8.931! 8.381 | 7.894! 7.460 | 7.070] 6.715 | 6.395| 5.710 | 5.162 | 4.620 | 4.331| 4.010| 3.732 | 3.490 
.037 | | oreer | 0241} 0306 | 0377 | .0456| 0542 | 0637| 0738 | once | o96¢ | sose| 1431 | 1823 | 2762 | .2749| 3207| 3870 | 4500 ———— 
i 13.83 | 12.73 | 11.85 | 11.04 | 10.33 | 9.705 | 9.149 | 8.642 | 8.193 | 7.785 | 7.417 | 6.624 | 5.989 | 5.467 |5.025| 4.652| 4.332 | 4.053| 3.805 
039 | | | 01276 | 0217 | 0277 | 0343 | 0417 | 0497 | 0585 | 0679 | 0781 | o0g0 | 1006 | 1325 | 1691 | 2086 | 2557] 3058 | 3606 | 4198 | 4832 | 
| | 14.56 | 13.54 | 12.68 | 11.86 | 11.13 | 10.51 | 9.933 | 9.412 | 8.947 | 8528| 7.623 | 6.895 | 6.290 | 5.784| 5.353 | 4.988 | 4.666) 4383| 4.131 
041 | o1s70 | 072 | o31¢| o3e2 | 0456 | 0538 | 0626 | 0721 | os22 | 0931! 1230 | 1573| 1957 | 2384] 2052| 3368 | 3923| as21| sess — 
| | 16.47 | 15.24 | 14.28 | 13.28 | 1248 | 1189 | 11.25 | 10.59 | 10.09 | 9.660 | 8.650 | 7.778 | 7.135 |6.559| 6.074 | 5.658 | 5.291 | 4.969 | 4.6e8| 4.435 
.043 01781 | 0227 | 0705 | 0348 | 0416 | 043 | 0575 | 0662 | 0757 | ous7 | 1137 | 1454 | 1013 | 2200| 2649 | 3128 | 3647 | 4204] anna} sea - 
17.26 | 16.06 | 15.17 | 14.26 | 13.45 | 12.79 | 12.09 | 11.50 | 10.97 | 9.785 | 8.870 | 8.091 |7.448| 6.894 | 6.428 | 6.008 | 5647 | 5.325| 5.037 | am 
.045 | e208 | 0258 | 0320 | 030 | 0455 | 0534 | ore | 0703 | 0797 | 1057 | 1358 | 1684 | .2076| 2401 | 29s | a422| 3950 | 4516 | S125 | s18)--—-—+-— 
19.43 | 18.08 | 16.98 | 16.04 | 15.13 | 14.36 | 13.62 | 12.95 | 12.35 | 11.06 | 10.02 | 9.132 | 8.402 | 7.782 | 7.135 |6.779| 6.375] 6.011 | 5685 | SHR | 
047 ort | 738} 0283 | .0355 | e421 | .o4ge | 0571 | 0653 | 0742 | e909 | 1272 | 1508 | 1942) 2991 | 2756 | 3208] 3726 | 4253 | 4820 | Sa)ge-—}——— 
20.24 | 18.98 | 17.97 | 16.97 | 16.05 | 15.26 | 1452 | 13.83 | 12.41 | 11.23 | 10.25 | 9.428] 8.729 | 8.131 | 7.613 | 7.152 | 6.748 | 6.381 | 60s & 
049 | a270 | 0271 | 0328 | 0391 | 0457 | 0528 | o6os | 0692 | 0925 | 1192 | 1491 | 1824| 2197 | 2595 | 3034] 3506] 4012} 4556 | sin) 
| 2257 | 21.11 | 19.90 | 18.86 | 17.89 | 17.00 | 16.21 | 15.45) 1383 | 12.54 | 11.46 | 1054| 9.761 | 9.082 | 8509| 7.998] 7.539| 7.141 | 6m 
051 0703 | 0250 | 0303 | 0362 | 0425 | 0494 | 0569 | 0647 | 086s | 1108 | .1403 | 1708) .2067| 2466 | 2063] 3315| 2708) 4305 | 4G) 
25.87 | 24.28 | 23.03 | 21.87 | 20.84 | 19.80 | 18.94| 17.02 | 15.42 | 14.05 | 1297| 12.01 | 11.18 | 10.47 | 9.843 | 9.283 | 8.790 | s3mip) 
.055 sais | ane | antz | aves | sas | o4gs | ser | ance | ange | zat | tsz0| toa | 2ves | se | 2gse| 397 | seen | onl 
| 29.32 | 27.65 | 26.24 | 24.98 | 23.94 | 2285| 2053 | 18.63 | 17.05 | 15.70| 1455| 13.54 | 1267| 11.91] 11.23| 1068 Ty Ce 
.059 L o2v6 | oz7t | asze | oars | o4ae | goss | as76 | onre | vnvt | tase] tesa | 1963 | avr | 2eee | ese | eee! am 
| 32.83 | 31.04 | 2964 | 28.37 | 27.57| 2607 | 2220] 20.33 | 18.73] 17.36| 16.17 | 15.13] 14.22] 1342] 12.70] 120R we | seer | 719 
063 ocae | oraz | nmi | anes | ovee| osns | over | sour | z0e| sags | ivan | zose | zese | agra | aire | aan 
37.15 | 35.27 | 33.68 | 32.26| 29.15 | 26.56 | 24.35 | 22.43] 2081 | 1941 | 18.17| 17.08| 16.10] 15.26 | 14351B) $963 | 6007 663 
067 | avsa | azn | east | nana | ser | arse | avon | size] 136s | reve | igus | 2226 | aser | amie | aw 
41.10 | 39.08 | 37.47 | 33.99 | 30.92 | 28.37 | 26.16| 24.27 | 2265 | 21.21 | 19.95] 18.80 | 17.79 | 169B| see8 | S505! coe: 
071 azo | “0303 | ast | vas | get | vere | sore! 1296 | tare | tea | 2ore | 237 | 2eee | ant 
45.08 | 43.08 | 38.99 | 35.59 | 32.72 |30.19 | 28.03 | 26.04 | 24.43 | 23.04 | 21.74 | 20.57 | 19501B) wes | Si29 | S60 
075 aoe | asta | ocsa | sre | anos | onan | tras | ages | tsee | test | aaa | nae | a 
| 51.31 | 46.39 | 42.54 | 39.04 | 36.18 | 33.58 | 31.34 | 29.34 | 27.56 | 25.75 | 24.71 | 23m) ana | 4696 512! 
r | | iT | 051 yor2 | 121 4 1674) 1 1 ——— 
oso | | | 0274| 0382 | 0513 | 0660 | 0828) 1012 | 1216 | 1436 | 1674] 1938 | 2208 er 
| 54.38 | 4952 | 45.78 |42.36| 39.40 | 36.80 | 34.49 | 32.44 | 30.58 | 29.05 | 2781B\ aon | an7e | 467 
i | 4! 4 1748 | 2014) | 
oss | | | | 0338 | 0452 | .oses | 0739| 0908 | 1093 | 1295 | 151 I se [ous 1237, 
| | 62.68 | 57.27 | 52.92 | 49.05| 45.71 | 4269 | 40.08 | 37.73 | 35.64 | 33.67 | 32070) 3562 | 3911 | 427: 
d | 7? | 0401 4 1 oe) wi 7 1590 | 1818 | 207) — 
ovo | | . | 079 0524 | 0661 | 0816 | 098s tan [ons6 276 
66.27 | 61.21 |56.95| 52.97 | 49.57 | 46.54 | 43.86 | 41.40 | 39.26 m8 wm | 3613 | 395 
7 0360 | 0472 | 0600 | 741 | 0899 | 1070 | 1257 | 1458 | 1676 | 1 - 
095 | | 2 0 99 | 1070 | 12 58 Sr 
| 76.70 | 70.95 |65.80| 61.46 | 5751 |54.03 | 50.98 | 48.16 | 45.61 | 4301 m0 | 3989 370: 
.100 | 0327 | 04st | osan | o6e2 | onze | ogee | nee | 135s |:.1ss7 | 17 
12:133 | 3.4 
| 550 | 600 | 650 | 700 | .750 | 800 | 850 | 900 | 950 | 1.00 | 1.05 | 1.10) 1.95) 1.20 | 1.25) 1.30) 1.35 | 1.40) 1.45 | 1.50) 1.55) 1.6 | 1.7 | 18] 19 | 20) 21) 22 123 | 24] 25 | 26 ie! 
| #284] 7673| 7203 | 67.42 | 6333] S942 | 5663 | 5359| S097 48.57 | 46.40 | 44.40 | 4257| 40.88 | 39.30| 37.82| 36.49 | 35.21 | 34.08 | 32.98 | 31.95 | 3099 | 29.23 | 27.66 | 2626 |24.99| 2383 | 22.77 | P 
106 | 0383] 04ss| 0612 | e746 | 9883 | 1056 | 1232 | 1417 | 1618 | 1093 | 2061 | 2303 | 2558 | 2826 | 3107 | 3400| 3708 | 4031 | 4369 | 4717 | soso | 547 | 6752 | 7100 | 007 | e966| 9975 | 1100 | ¢ | a 
P | 99.00| 83.28 | 78.26 | 73.66 | 6957 | 65.81 | 6250| 59.36 | 56.63 |.54.07 | 51.73 | 4962) 47.63 | 4581 | 44.12 | 42.56 | 41.09 | 39.73 | 38.44 | 37.27 | 36.14 | 34.11 | 32.30 | 30.63 | 29.14| 27.81 | 2657 | 25.45 | 24.43 | 
112 t | 9438 | osse | 0674 | 0011 | o960 | 1121 | 1296 | 1481 | 1680 | 1991 | 2006 | 2351 | 2599 | 2061 | 3935 | 3422 | 3720 | 4032 | 4957 | 4695 | Soas | s7e9 | 6502 | 7087 | e311 | 9257 | 1.025 | 1.130] 1.240 -—— 
1026 | 95.56 | 89.87 | 84.81 | 80.03 | 75.88 | 7207 | 68.58 | 65.34 | 62.46 | 59.78 | 57.33 | 55.05 |52.99 | 51.01 | 49.20 | 47.53 | 45.95 | 44.45 | 43.09 | 41.82 | 39.42 | 37.31 | 35.45 | 33.72] 32.16 | 30.76 | 29.46 | 2827 | 27.16 
118 0395 | 0475 | o6es | 0736 | 0873 | 1023 | 1005 | 1358 | 1542 | 1739 | 1947 | 2067 | 2398 | 2603 | 207 | 3165 | 3444 | 3734 | 4036 | 4350 | 4600 | 5367 | 6106 | 6897 | .7728| 0611 | 9601 | 1052 | 1.155 | 1.262 t—— 
T ani | 104.7 | 99.07 | 93.80 | 88.96 | 84.33 | 80.31 | 7666 | 73.24 | 70.19 | 67.22 | 64.58 |62.19 | 59.91 | 57.81 | 55.79 | 53.97 | 52.23 | 5062 | 49.13 | 46.34 | 43.85 | 41.64 |39.63 | 37.80 | 36.14 | 34.61 | 33.21 | 31.93 | 30.70 
.125 0442 | 054 | ogo | vee | osze | .so72 | 1231 | saz | 1503 | 1776 | 1977 | vg | 2ere | 2654 | 2002 | 3157 | 3478 | 3708 | sooo | 4305 | 4943 | 5676 | 6359 | .7134| 7952 | oni | 9724 | 1.068 | 1.168 | 1.277 t+ - 
123.7 | 116.0 | 109.4 | 1040 | 98.68 | 93.67 | 99.24 | 95.14 | 81.38 | 77.96 | 74.76 | 71.81 | 69.13 | 66.63 | 64.34 | 62.08 | 60.04 | 58.16 | 56.36 | 5463 | 51.52 | 48.78 | 46.32 |44.08 | 42.07 | 40.22 | 38.40 | 36.99 | 35.56 | 34.21 | 3297 
.130 gues | 0502 | 0624 | 0730 | o06e | 09s | 114g | 1309 | 1478 | 1661 | 1052 | 2054 | 2268 | 2492 | 2728 | 2969 | 3224 | 3493 | 3767 | 4052 | 4655 | 5304 | 5996 | 6730 | 7510 | 0330 | 9196 | 1.010 | 1.105 | 1.206 | 1m | + 
138.1 | 1300 | 1230 | 117.0 | 111.6 | 1059 | 101.4 | 96.96 | 92.82 | 89.19 | 85.56 | 82.40 | 79.39 | 76.64 | 74.11 | 71.66 | 69.39 | 67.22 | 65.21 | 6152 | 58.23 | 55.27 |5264| 50.23 | 48.05 | 45.99 | 44.17 | 42.45 | 40.88 | 394 
.138 045i | 054s | 658 | 0778 | e909 | 1045 | 1097 | 1355 | 1522 | 1703 | 1088 | 2087 | 2295 | 2514 | 2744 | 2901 | 3230 | 3406 | 375¢| a3n9 | 4925 | S571 | 6260 | 6908 | 7761 | 9564 | 417 | 1.030 | 1.n24 | 12m ++ 
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T 
AMETER OF SPRING —— PREFERRED NUMBERS BASIC FORMULAS WIRE 
ol STRESS 
1” 4s) Px OR,| fxR, | DIAM. 
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| | 
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| | 
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—+ } | 
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| 
| | 149. | 1011 | 3.251 | .012 
ae 
| | 148. | .1277| 2.980 | .013 
1 
147. | .1584| 2.749 | .014 | 
| + 1 
—— } | | 
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; + { 
— } | | } 
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— ! } y T 
| | | 144. | .4524| 1.885 | .020 
eee ee | = + T t +— t T 4 
} | } | | | | 
ad | 1m 143. | 5981 | 1.702 | .022 | 
ee a T T 
| | | | | 
| 142. | .7706| 1.549 | .024 
| 
| | 141. | .9734| 1.420 | .026 | 
-———— T T T T 7 
| | | 
| | | |__| 139. | 1.331 | 1.255 | .029 
| | | | | 
| | 137. | 1.603 | 1.157 | .031 
1 ++ au 
| | | | 
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| | . ] 
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DESIGN TIME SAVER 


provide a spring whose ends will have this specific relation- 
ship. Thus the number of coils must be modified by some 
fraction to provide the desired relative position of ends. 
Here a whole number of coils is chosen to provide hooks 
facing in the same direction. To maintain the required 
gradient, the coil diameter of the spring is modified by 
the equation in Step 7. 

The “free length,” H, of an entension spring is the length 
of the spring unloaded, measured inside the hooks at the 
ends of the spring (see Fig. 1). Table III gives length 
limits for types of hooks in terms of coil I.D. Since free 
length is not important in itself for most extension spring 
applications, it is often specified as an approximate value 
permitting the spring manufacturer to vary it to suit the 
more important test load specification. 

It is most important to understand that the free length 
must not be too great or too small for the required initial 
length, L). If the required initial length does not fall within 
limits expressed in Step 11, several alternatives remain: 
@ Reorient assembly components to adjust the requirement 
@ Select special hook (see Table HI, examples 5-10) 

@ Try reduced hooks, beginning with Step 3, eliminating 








| eine EXTENSION (Random Hook Angles) 
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[ctose-xow EXTENSION (Specified Hook Angles) 
















































































Kaz 100 y: *Y 
a | X 
Wire | Wire | Index ¥ W, 
Die. Music Dia. Music Dd 
d Wire & é Wire & d 
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008 | 48 12 1.7 3 4 | 1.8 
"009 | 42 in| 3.5 4s 21 
ae |. te Piel 
}.012| 28 A a oe - - — 
128 : ; 
“Ole oe | . 130 1.4 5.5 7 = | 
016} 20 | | RR OS ae ae 2 = 
018] 17 138 1.3 6.5 p . 
020} 15 144 o> | 
RR ie i Sa 
.023 148 7S. 10 4.5 
:024| 12 | mer 14 ae). te 5 
| st an “a 5 
0 - 5 bb —- + —-_— 
“O29 | 4 | 170 1.0 9 12 5.5 
.031 re. = NTT | en el 9.5 13 5.5 
.032 - 160 | 0.9 Se aS ae >a 
038 | ; | 189 | 0.9 10.5 | 14 | 6 
. 1 oat ie ll 15 6.5 
192 | 
Or) | - 204 | | {as} th ] Soe. 
o39/ 6 | | 06) | Fe 16 : 
sal ms] om | 7 
043) 6 La Me FN. = 
0451.5 | 13.5 18 [ 8 
067) 5 Mm | 19 8 
i ae 4.5 | 19 9 
a. a ar i 
05S} 4 16 | 21 9 
057 | Je Ia as an 
4 ; 5 18 24 | ll 
064 res 19 25 ‘i 
067| 3.3 20 27 ea 
071, 3.0 
.072 
[075] 2.8 
.080 2.6 
.085| 2.4 
090; 2.2 
091 | 
093 | 
ms) 24...) 
: ey ae 
Een eee 
"102 | 
. 106 1.8 | 





Table 1V—Calculational data for determining manufacturing 
variations in gradient and in load at length. 
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Fig. 6—Effect of elevated temperatures on helical springs. 
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the factor 1.3 (if L, is too great). 

If the relation of load, length and gradient leads to; 
spring whose initial tension does not fall within the limitj 
expressed in Step 13, the most practical method of adjust 
ment would be through changing the required P, or L 
through the steps suggested for Step 11. The expression 
h-k-Ai represents initial tension variation, AP,. Initia 
tension, P;, must be great enough that its possible variation 
will not prevent the weakest spring in the lot from being) 
close-wound. The factor W introduces the practical maxi? 
mum limit on initial tension for various values of spring 
index and is obtained from Figure 2. These WV curve 
represent the results of controlled experimentation. 





III. stREss 


If properly followed, the design procedure takes all stresses 
into account, preventing design for operation at un 
stresses unless one of the following conditions is e 
countered: 

Though properly designed for its service requirements 
a tension spring may, in handling or assembly, have to 
stressed beyond its “final stress” (S.). For this reason, if 





cases where you anticipate such handling, it is wise ti) i 
calculate the ultimate stress, S’, that may be encountered: ) 
at the extreme length, L’. Use the relation | 


S’ = S. + K(L’—L,)S/P 
to ascertain that S’ does not exceed 0.6 S,. 

The values for S, read from the graph in Fig. 5 appl 
only to compression springs which can be cold-set to indu 
these apparent elastic limits. The true elastic limit of 
material, before residual stresses are induced by setti 
is about 60 percent of the values shown in the graph—hene 


the factor 0.6 in the stress check point. 

When temperature exceeds normal indoor tempera € 
then a danger of permanent relaxation might exist, and 
amount of this relaxation should be determined from WIR 


data in Fig. 6. If the predicted relaxation is not tolerable 
then a spring of higher equivalent load P should k 
selected from the chart to reduce the stress and thw; WALLI 
reduce the amount of relaxation. ve 


IV. VARIATIONS AND LIMITS 


Of course, tolerances must be bilateral, allowing a variatid} 
both above and below the nominal value used in t& 
calculation. Otherwise a contradictory specification wh 
result and must be reconciled before the spring mail 
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st, and you’ve been looking for this NEW Continental PETROL wire. 


: a WIRE CORPORATION Nylon-jacket over thermoplastic insulation, PETROL wire is not affected 


should bt by most oils, acids and alkalis. It is approved by Underwriters’ 
and thi; WALLINGFORD, CONNECTICUT Laboratories for 30°C in gasoline . . . 60°C in oil or air. 
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Fig. 3 


facturer can proceed with a production quantity. 

The normal manufacturing variation AD from Fig. 7 
represents the process capability. Normally over-all tole- 
rance of 1.6AD should be allowed in specifying maximum 
O.D. and minimum I.D. of extension springs (Steps 2 and 
3). This figure permits gradient centering in the manu- 
facturing process without change of spring length. This is 
necessary when the actual wire size is near the upper or 
lower limit. 

Free length variation, AH, is caused by variation in wire 
size and variation in length of hooks. A variation of 1 
percent in wire size is an approximation of the tolerance 
demanded by spring wire manufacturers. Variation in the 
length of hooks is caused by coil diameter variation, D, as 
well as spring positioning and tool wear. An acceptable 
tolerance for hook variation is 2AD (but not less than 
+.015 inch). 

Thus in calculating free length variation in Step 4 the 
following formula can be used: 

AH = .0lIh+ 2AD (where 2AD is never less than .015 
inch) or, as a fast practical calculation: 

AH = .02H 

However, since free length in itself is not an important 
requirement for most extension spring applications, it is 
often specified as an approximate value. This permits the 
spring manufacturer to vary it to suit the more important 
test load specification. 

Gradient variation (Step 5) of close-wound extension 
springs can be calculated from the formulas and factors as 
presented in Table IV. (Figures for X for carbon and alloy 
steel wire are found in the compression spring article.) 
Gradient variation is not often critical. However, the same 
means as described for compression springs for improving 
upon the indicated limits are available at higher cost. 

The formulas for initial and final load variations AP, 
and AP, are based on the known capabilities of spring- 
winding machinery, but can be improved, at additional 
cost, through 100 percent inspection and segregation or 
corrective operations. 

Like other components of a spring, the hooks or ends of 
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extension springs will vary from one to another in any 
production lot. Manifestations of such variances are too 
much or too little wire in a closed loop, dimensional 
variance in specified hook openings, misalignment, and 
variance in the angular relationship between loops or 
hooks. These variations are traceable to such factors as 
variation in the “springback” of material, wire diameter 
variation and variation in positioning during the looping 
operation. 

For many applications, it doesn’t particularly matter if 
extension spring hooks or ends do vary in dimensions. 
Sometimes, however, it does—particularly when the spring 
is to be used in delicate instruments. Tolerances for hook 
dimensions are shown in Figs. 8, 9 and 10. Process 
capability in angular variation between ends is figured as 
120 (AD/D) N. ; 

Most applications permit a variation of 45 degrees. 
Closer tolerances than this should only be specified when 
absolutely necessary. If the expression gives a variation 
exceeding 90 degrees, then “random angle” should be con- 
sidered for the tolerance to be specified. It is important 
to note that unless otherwise specified, the angular relation- 
ship of loops will be measured with the spring extended 
on a free turning attachment to the minimum length that 
will cause separation of all active coils. 

Should tolerances be less than those outlined above it 
would be well to consult with the spring manufacturer. 
Certainly “random angle” should be clearly specified 
wherever the application permits. Operations added to 
improve relative hook position add appreciably to the cost 

A step by step Design Procedure Work Sheet is on 
page 90-91. End 





For one free reprint of both articles for your design file, circle No. 163 on the Reader Inquiry card. 
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Initial load, P, . . 
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RT Rs ae alin 66 Lait atten Red Dy Bia? thr %g wart wi k % G-O _siMbs. 
gE a Sea es re a ae gS. S Ibs. 
. P, ae P, 3. Ss ae 
3. Gradient, K = —— - claro tie ©. 6 Aye. ace esha Jo = Ib./in. 
SGN el it ee Raa at ee re (8-8 STAINLESS (ype 302) 
Se eee ee ee ee eee eee 40,000 cycles 
il. BASIC SPRING CALCULATION a 
P, — P 
1. Stress ratio,S; = — > _ O. O7 
2 er RINE A DO. wich aw os teh 0 Ste <6 we Maire ° 87 
i ttn 2 
3. Corrected load, = = e 
| a 1462 Ib. 
(1.3 multiplier applies when hook diameter equals body diameter) 
4. Tabulated values (See Spring Charts, ) 
ee ee a 650 in. 
ES EET OR, EE ae ee em vie oa. 2 eee tie: 
RS td oa co fs -/65 3 
d. Wire diameter, d . ° OSS in. 
ES ie ee ee (22, OOOpsi 
Note: If elevated temperature, check steps 2 to 4 under “Stress” before proceeding. 
gg eo 6 ee we Se i wena 0.833 
P 
5. Number of active coils, N’ = TK U = S52 ;t~ 
a. Specified number of coils, N, adjusted for relative position of ends 5 Ze 
6. Body length (Fig. 1), h d (N + 1) = 3 A i3 in. 
3D Nr Y 52 cal 
- “—* N’ - — = 
. Mean coil diameter, D = (OD’—d) —_— ; Wy. * 3 : 
rit N 57 sa 7254, 
8. Free length,H = h + length of hooks = 3.3 t¢1. O66 =4../96 in. 
D 
9. Spring index, — = 
pring JO. 
10. Initial tension variation factor, Aj; (Fig.4) ....... ae ir - 06 6 in./in. 
i i . . . 9 . 5 lk tle ee me ee ee et &. Sin | 








| CHECK (As not less thanH + ha; = #°/V76 4%. 2075 4.403 
L, 
| POINT } /s not greater than H + = —hAi= 8. 269 


eclaiatbecgienilineed 
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RINGSESIGN PROCEDURE 


























P,—P .5 -6.O 
) Ibs. | 2, Final length, L, = L; + ~——t = 6.5 7 af MG ci eee Sa ve Gs & 
i K ye 
“ Ibs. 13. Initial tension 
ne a. Initial tension, Pi) = P, — K (L,; — H) = Z- 78 Ibs. 
Ib. in, eg ee ae re a en nr oe oO. 2 














302) ne 8 res less than hKAj 290 
CHECK | , | 
1 
cycles POINT ) is not greater than P V 3. 35° 


|. STRESS 




















A113 


1. Wahl Stress Concentration Factor, R, (Fig.3) ..........4.. 


S P, i 
2. Torsional Stress in Coils, S, = i x > = 7O, S00 iil 


CHECK Oe Ph ook nce Ke he eee eee Gece (G0, 000 psi 
POINT S, must not be greater than .6 Sy. 


Note: If maximum extended length exceeds L., see instructions. 

















3. Operating Temperature . . . . . Wer ere Fees Pa ae ee = | F#-50 °F 
4. Per cent relaxation at elevated temperature te 
a fe o/ 
Revises! | tS. SN ences om 46 
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ae ener veniotiom. Al (fie. 7) 2 6 5 wk ee tk we ee ee we Oe | O07 in. 
2. Maximum outside diameter, OD,,,,. 2 (D + d) + 1.6AD = * 657 FAG (- 007) -_ ~-662Z in. 
3. Minimum inside diameter, 1D,,;,, = (D — d) — 1.6AD = - F353 =/.6f- 007) ene > -SZ2Z in. 
® Freelength variation, AH = 02H 4... .22 se ars + ,OBF in. 
- 5. Gradient variation, AK = _K Vx+yY or K X+W_ (from Table IV) + -058 Ib./in. 
— 100 100 
6. Initial load variation, 
e.: i (= ' 10 ) + = , 0) + i an ) Sent ato * | rs 8 
7. Final load variation, 
| AP, = ne (= x 100 ) + 3 a x 100 }'+ (; oe 100 ) eee | + +#/8 Wb. 
SCO. | 8. End relationship variation Asia ,) 
AN = 120 x N or 45°, whichever is greater = (£0 oe X52 Ria tg lkh a JAF deg. 
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Dewpoint Indicator Checks 
Moisture Content of 

Pressure Lines... 

QUICKLY 

EASILY 

ACCURATELY 


The Robbins dewpoint indicator is compact, mobile and 
will quickly determine dewpoint reading directly on the 
thermometer. The unit is connected to the gas stream 
through a small valve. A light flow of gas through the 
instrument is all that is required. Readings are at atmos- 
pheric pressures. 


The indicator is complete with carrying case, +100° to 

100° F thermometer, and 6 feet of plastic tubing with 
14” flare tube nut for connection to line. Overall dimen- 
sion 9” high X 534”. 
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1735 W. FLORENCE AVE. LOS ANGELES 47, CALIF. 








Creating New Concepts 
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Seaeailte 


TIME DELAY 
RELAY 


Transistorized 


Actual size 





© Time delay.... .01 to 60 sec. 

e Accuracy +10% 

@ Recycling Instantaneous 

e Temperature. —55° to +125°C 

® Vibration 20 g, 2000 cps 

@ Input 18 to 31 VDC 

e Contacts DPDT, 2 amp 
100,000 cycles min. 
2 ounces 


AND — 30 day delivery of limited quantities 


240 Old Country Rd., Hicksville, N. Y. 


tempo 
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SMALL SCREW THREADS 
ARE NO PROBLEM 


WHEN YOU SPECIFY 


J. 1. MORRIS COMPANY 
Specialists in Miniature 


Don’t let small threads and 
turned parts be a problem 
in your miniaturization 
program! Call on us for the finest quality parts with 
threads from 56 to 160 TPI or metric and the proposed 
National Miniature Standard to 140NM. 

Stock includes 000-120, 00-96, 00-90, 0-80, 1-72, and 
2-56 screws, burr-free nuts, and washers in brass. Also 
matching taps, dies, and drills. Specials from one dozen 
to large runs in any material delivered on time. Latest 
machinery and inspection equipment and complete sec- 
ond operation facilities insure finest quality and service. 

Call on us. We appreciate the opportunity to help 
and will gladly furnish information or quotations without 
obligation. 


J. 1. MORRIS COMPANY 
Southbridge, Mass. ; 


Send for free catalog with 
dimensional data and prices 
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-2-WIRE-TIES 


SPEED TYING 
OPERATIONS with 















/ NO KNOTS 
TO TIE! 


Cut your tying time in 
half! Wire-Ties are the 
fast, sure way to bundle 
wires, cords, coils, etc. 
Nothing to tie. Just wrap 
‘em around and twist. For 
temporary or semi-permanent 
holding. Available in cut 
lengths 1” to 20” and on spools 
— plain colors or printed. Prices 
from 55¢c per thousand. WRITE 
FOR SAMPLES and TRY ’‘’EM 


Dispenser! we 


Sove! < only spools 


of Wire-Ties! “Pay. 4 @ 
Off’’", manual “sine 4 Ff 
gle-motion ‘‘dispen- f 


ser, automatically 
measures and 
cuts off any pre- 
set length 2” 


to 22” with YOURSELF. H.F. Hanscom & Co., Inc. 
Only $59.50 A A 12 Virginia Ave., Prov. 5, R. i.,°U. S. A. 
Only $59.50 /£ 4 / 

Se y f j . 
Write for fey 

folder. ; Y the ch 


Top view of Wire-Tie 
is Shown. Bottom is filet. 


WIRE TIES 
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rece to iii nie 
Silicone Sponge Rubber 
for sealing, gasketing, pressure pads, 


vibration dampening —100°F to 480°F 


Low density COHRIastic R-10470 silicone sponge rubber is 
completely flexible after 72 hrs. at 480°F, shows no brittleness 
after 5 hrs. at —100°F. High tensile, tear and elongation. 
Closed cell construction is non-absorbing. Called out on 
aircraft and electronic drawings and specifications. Available 
from stock in sheets 4g” thru 14”, in rod .180” thru .585”. 
Special extruded shapes made to order. 


FREE SAMPLES and folder—write, phone or use inquiry service. 


CONNECTICUT HARD RUBBER 
NEW HAVEN 9 {Gi} CONNECTICUT 























19 FD SP sy 


AIRFRAME SILICONE RUBBER SILICONE RUBBER 
SEALS COATED FABRICS SHEET & SPONGE & EXTRUSIONS 
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Pump Controls 

Duplex Pump Alternators 
High and Low Level Cutoffs 
High and Low Level Alarms 
Multi-level Signals 

Liquid Metering e 
Special Controls and Panels 


Listed by 
Underwriters 
Laboratories 





CHARLES F. WARRICK CO. 


1970 W. Eleven Mile Rd. 
Berkley, Mich. 








FLOATLESS 


LIQUID LEVEL CONTROLS 
ELECTRODE TYPE 
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aback ve 
New Looks At : ee 
An Old Technique a 
The imaginative scientist who dares to strike out into ney 
avenues and to depart from the old and well-trodden patil 7 ~ 
is bound to be just as suspect by his contemporaries as tht | _IN\ 





social or political thinker of equal daring. There is in a! 
of us, in the technical as well as the non-technical, a fea 
of the unexplored. It is unfortunate and often costly the 
this mental inertia bogs down many a development ar 
oftentimes saddles the brain with vast projects for perfect 
ing the old without as much as leaving the slightest possiq, 9, 
bility for even a pintsized breakthrough to new concepts. wig con 

There is a vital field of electromechanics in our life—th+or, Th 
of generation of electricity by taking power from a rot (induct 
shaft. The exact requirements of the loads of a moderiieated or 
industrial plant or a missile or electronically controle werter t¢ 
plane demand a voltage and frequency stabilization if. lsfactory 
depent of shaft rotation. It is evident that a more a¢Msoidal 
curately machined stator or better wound coil will not cop’™"™® ° 
with the essential problem of control. i. 

In a paper presented before the SAE Aeronauticapion of 
Meeting in Los Angeles last month, Karl Martinez, Chielsday un 
Acoustics-Electrical Research at Boeing, puts his finger Otrmsforme 
this mental inertia that prevents the synthesizing of electriemired | 
systems producing constant frequency without using con #ors in 
stant speed drives, and keeps the door closed to newe 
systems to replace the present ones—systems that will b 
more reliable, simpler, have less maintenance, cost less an 
meet the challenges of today. 

From the first rotation of a copper disc between the pole 
of a horseshoe magnet by Faraday in 1831, through th 
days of Pucinotti and Gramme with their ring winding an 
Van Depoeles’ carbon brushes and the first generation 0 
alternating current by Zipernowski and others to the i 
duction motor of Nicola Tesla we have witnessed 
steady stream of bigger and better, but never different way 
of producing the adrenaline of modern society—electt 
city. Martinez points the way to many possibilities, @ 
though the qualification is there that they are all based 0 
future state-of-the-art development. Here are a few of these 
e A system is being constructed experimentally in Englat ip 
whereby a variable speed input delivers constant voltag Bor 
and frequency. It is based on the use of two wound-rott 
induction generators mounted on the same shaft. Tey —C 
stators connected in series supply power to the electric Yi 
tem. The two rotors are connected in parallel. A pb§ aeistor, 
angle shift is produced between the magnetic fields of # ‘tent, F; 
two machines by mechanically shifting one stator wit Wal disp 
respect to the other. Excitation and voltage control @ We of 


Continued on page gi'mie Co, 
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1—A practical brushless d-c generator feasible with fu. 
state-of-art development can be built with present-day 
ponents. A brushless alternator feeds power to silicon rec- 
s which deliver direct current at output terminals, Install- 
the power rectifiers in the generator housing simplifies 
Weling and will probably save weight. More than three phases 
my be preferable to reduce the size of the rectifier cells or 
joreduce the output ripple voltage. An output voltage of 120 
yolts is suggested. Rectifiers are available that will withstand 
aback voltage of 150 volts so it would be necessary to limit 
pak overvoltage on the system to 125 percent. 




















D-C BUS 

' . V 
yut into ney | 7 | ] 
rodden patil STATIC end 
raries as th INVERTER ine ieee 
ere is in a! 
nical, a fea 

stly th: 
1 co A. a POLY-PHASE 400 C.P.S. 
opment ar INDUCTION MOTOR 
for perfect 
ghtest POSSI, 2—Scheme for a brushless “d-c” motor and input voltage 


v concepts. wid consist of a static inverter and a polyphase induction 
sur life—th)gor, The d-c power is converted to polyphase power to drive 
‘om a rot (induction motor. It appears a flat-top voltage wave as in- 
f a moderated on the diagram would permit power transistors in the 
y controle werter to operate efficiently as “on-off” switches and also give 
ilization if tilactory motor efficiency. Harmonic currents from the non- 
gc uusoidal voltage’ wave can be minimized by chording the 
g, selecting the number of slots, and skewing the stator 
"rotor punching. Other than procurement of the high power 
, \usistors there appears to be no major problems. Weight re- 
Aeronauticatytion of the inverter portion of the motor over that of pres- 
tinez, Chiel. neday units probably can be accomplished by omitting output 
his finger Otrmsformer ; using a flat-top voltage wave eliminating filters 
g of electriemired for a sinusoidal wave; mounting the power tran- 
t using con ors in the motor to save hardware and simplify cooling. 
>d to newe 
that will b 


cost less an 


a more 
vill not 


~ + 
D-C POWER 
SUPPLY 














-en the pole 
through th 
winding an. 
eneration 0 
s to the i 
witnessed 

ifferent way 
siety—electr 
sibilities, @ 
all based 0 
few of these 
y in Englan 
stant voltag 
wound-rote 


Tes . ; 
ce sy 3—Complete circuit diagram for brushless motor. Interest- 


aie has atures of the scheme are the timing circuit for power 
el. re ri tsistors and the use of rectifiers to carry the lagging load 
fields of © tent, Frequency is controlled by the 1200 cps oscillator. 
stator wit jal displacement between the phase voltages is obtained 
control 7 We of a ring-counter circuit proposed by Hollomore Elec- 
1 on page gttie Co. for control of a static inverter. 
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on your precision ball and 


special bearing requirements 


Hartford Steel Ball Co., Inc., 19 Jefferson Ave., West Hartford, Conn. 
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SPECIAL SWITCHES 
ee STANDARD “! 
FSCO 


of Weymouth 


Gear-operated 
TYPE JR 

















TYPE JD-JS 





aa we ha a 


When you need a SPECIAL switch. . . 


ESCO standard, uniform components can be assembled to meet your 
requirements; or a deviation from one of our standard types will give you a 
special switch at a standard switch cost. Over 90% of our production is SPECIAL 
in one way or another. 

These standard switches can be modified to fit your application: 

@ TYPE A—up to 8 positions, 7 sections maximum, detent- 
mechanism, rating 5 amperes 125 volts a-c/30 volts d-c. 

@ TYPE AF — up to 8 positions, 6 sections maximum, detent-action, 
rating with resistive load 5 amperes at 28 volts d-c or 115 volts 
400-cps, per MIL-S-6807. : 

TYPE P — Multi-section, up to 4 positions, snap-action, rating 10 
amperes — 125 volts a-c, 5 amperes — 125 volts d-c, 30, 60, 100, 
200 amperes at 500 volts a-c, or 250 volts d-c. Can be assembled 
to meet Specification MIL-S-15291. 

TYPE JR — up to 8 positions, 30 sections maximum, detent-action, 
rating 10 amperes at 125 volts a-c, 5 amperes 125 volts d-c. 
TYPE JD-JS — up to 8 positions, 5 sections maximum, detent- 
action or snap-action, rating 30 amperes at 230 volts a-c. 

TYPE HT — up to 16 positions, 6 sections maximum, detent-action, 
rating 5 amperes at 125 volts a-c. 

Bureau of Ships No. 9000-S6202-74085 rating 10 amperes at 120 
volts a-c. BuShips 9000-S6202-74090, 9000-S6202-74096, and 
9000-S6202-74224, ratings 30, 60, and 200 amperes, 500 volts a-c 
— 250 volts d-c. 


Write for data sheets or catalog on ESCO rotary multipole switches — 
or send us your requirements and we'll give you full specifications on the ESCO 
switch that meets YOUR need. 


(ASS ESCO of WEYMOUTH 
CO ee ee 
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provided by varying amounts of gs 
capacitors connected to the genera 
terminals through saturable controls. 9 
e When high-current power transist 
are developed several variations 
be possible. Brushless generators 4 
motors with static control compone 
would have the advantage of better 
liability and less weight; operation 
generators in parallel would be simy 
fied. The generator would simply be 
alternator feeding power t rectifj 
delivering direct current a’ che out 
terminals. A brushless d-c .notor e¢ 
consist of a static inverter and a pé 
phase induction motor. The d-c poy 
is converted to polyphase power 
drive the induction motor. 

e A system consisting of magnetiz 
compressor blades on a turbojet engi 
with the generator stator mounted 
the compressor frame. 

And many more, each requiring 
breakaway from the proven and knoy 
But here again it seems that only wh 
imagination soars sky high are rest 
down to earth. 





Over-Under Speed Control 
For Machine Tools 


Magnetic-amplifier speed-control reél 
for low surface speeds is now ava 
able as a safety device for machine 
builders. Designed for use with a mi 
netic pickup mounted near a rota 
gear, this tubeless amplifier and 
operates either over or under a p 
critical speed. The chassis fits i 
commercially available wiring 
Gear teeth passing the pickup at 0 
inches spacing and travelling 40 té 
inches per second peripheral speed § 
vide a signal that is amplified by 
device to provide single pole do 
throw switching of electrical loads 
to 5 amp non-inductive. Critical 
for the relay is set by adjusting spé 
between the magnetic pickup and 
tuating metal. Electro Products 
atories, Inc., Chicago 40, IIl. 


Circle No. 197 on Inquiry Card. 
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